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OFFICERS. 



For tbe Year Ending With the Close of the Annual Meeting, August 
30th, 1913. 

PRESIDENT. 

PENTECOST MITCHELL Duluth. Minn. 

■ (Term one year). 

VICE PRESIDENTS. 

GEO. H. AEEEL Ironwood, Mich. 

fW. P. CHINN McKinley. Minn. 

W. H. JOBE Palatkfl. Mich. 

(Term expires 1913). 

FRANCIS J. WEBB Duluth, Minn. 

AL D. EDWARDS Atlantic Mine. Mich. 

(Term expiree 1914). 

MANAGERS. 

H. H. GODFREY Coleralnc, Minn. 

JAMES B. JOPLIN.O Ishpeming, Mich. 

(Term expires 1913). 

O. S. BARBER Bessemer, Mich. 

WM. H. JOHNSTON Ishpeming, Mich, 

C. H. BAXTER Loretto, Mich. 

(Term expires 1914). 

TREASUR,ER. 

B. W. HOPKINS Commonwealth, Wis. 

(Term expires 19H), 

SECRETARY. 

A. J. YONGBLUTH Ishpeming. M!ch. 

(Term expires 191S). 
(The above oRlcers constitute tbe council). 

f To fill Tftcanoy of Orabam Pope, decease*}. 
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The followfag Is list of ofTicers elected at the annual meeting, 
August 30th, 1913, also the ofTlcera holding over from the previous 
year which are Indicated by *. 

PRESIDENT. 

WM. H. JOHNSTON Tshpeming. Mich. 

(Term one year). 

VICE PRESIDENTS. 

•FRANCIS J. WEBB Duluth, Minn. 

•A. D. EDWARDS Atlantic Mine. Mich. 

(Term expires 1914). 

CHARLES T. KRUSB Ishpemlng. Mich. 

CHARLtS E. LAWRENCE Palatka. Mich. 

LUTHER C. BREWER Ironwood. Mich. 

(Term expires 1915). 

MANAGERS. 

•G, S. BARBER Bessemer, Mich. 

•CHARLES H. BAXTER I^re^tto, Mich. 

■j-STUART R. ELLIOTT Negaunee. Mich. 

(Term expires 1914). 

W. A. SIEUENTHAL Republic. Mich. 

J. S. LUTES Biwablk. Minn. 

{Term expires 1915). 

TREU,SURER. 

E. W. HOPKINS Commonwealth, Wis. 

(Term one year). 

SECRETARY. 

A. J. YUNGBLUTH Ishperatng. Mich. 

(Term one year). 
(The above officers constitute the council). 

-;To fill vacancy of Wm. H. Johnaton, elected to presidency. 
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LIST OF STANDING COMMITTEES FOR YEAR 
ENDING 1914. 

PRACTICE FOR THE PREVENTION OF ACCIDENTS. 

C. E. LAWRENCE, Chatrmao Palatka. Mlcb. 

D. E. SUTHERLAND Iron Mounta!n, Mich. 

WM. CONIBEAR Ishpemlng. Mich. 

W. H. SCHACHT Painesdale. Mich. 

M. H. GODFREY Virginia, Minn. 

OARE AND HANDLING OF HOISTING ROPES. 

W. A. COLE, Chairman Ironwood, Mich. 

O. D. M'CLURE lahpeming, Mich. 

J. S. JAOKA Crystal Falls. Mich. 

W. J. RICHARDS Palneedale. Mich. 

A. TANCIG Hlbblng, Minn. 

PAPERS AND PUBLICATIONS. 

WM. KELLY, Chairman Vulcan, Mich, 

J. H. HEARDING Duluth, Minn. 

F. W. M'NAIR Houghton, Mich. 

J. E. JOPLING iBhpemlng, Mich. 

P. 3. WILLIAMS Ramsay. Mich. 

BUREAU OF MINES. 

M. M, DUNCAN. Chairman Ishpeming, Mich. 

J. B. COOPER Huhbell, Mich. 

A. J. YUNGBLUTH, Secretary Ishpemlng, Mich. 

BIOGRAPHY. 

J. H. HEARDING. Chairman Duluth. Minn. 

J. B. COOPER Hubbell, Mich, 

R. A. DOUGLAS Ironwood. Mich. 

M. B. M'GEE CryBlal Falls, Mich. 

W. H. NEWETT Ishpemlng, Mich. 

MINING METHODS ON THE MARQUETTE RANGE. 
Committee to consist ol three members to be appointed later. 
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HONORARY MEMBERS. 

DOUGLAS, JAMES 99 John St. New York City 

POMPELLY, RAPHAEL Dublin, N. H. 

VAN HISE, C. E Madlaon, Wis. 

WINCHELL. N. H GOI East River Road, Minneapolis, Minn. 
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KELLY, WILLIAM Vulcan, Mich. 
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ABBOTT, C. E Bessemer, Ala. 

ABEEL. GEORGE H Ironwood. Mfch. 

ABBEL, GEO. H., JR Ironwood, Mich. 

ADAMS, DAVID T 51G Providence BIdg., Duluth. Minn. 

ADGATE, FREDERICK W 419 Rookery Bldg.. Chicago. HU. 

AISHTON, R. H 215 W. Jackson Blvd.. Chicago, Ills. 

ALLEN, R, C Lansing, Mich. 

AMBERG, J. W 1400 Fulton St., Chicago, Ills. 

AMBERG, WILLIAM A 1400 Fulton St.. Chicago. Ills. 

ANDREWS. C. E Escanaba, Mich. 

APPLEBY. WILUAM E School of Mines. Minneapolis, Minn. 

ARMSTRONG. FRANK H Vulcan, Mich. 

ATKINS, SAMUEL E 909 Alworth Bldg., Duluth, Minn. 

BAER, HENRY L Hancock, Mich. 

BALDWIN, C. KEMBLE 1070 Old Colony Bldg., Chicago, 111. 

BALL. EDWIN Birmingham, Ala. 

BANDLER, ARTHUR S 30 E. 23rd St., New York City 

BAEABE, C. A Ishpemlng, Mich. 

BARBER, G. S Bessemer, Mich. 

BARBER. MAX H Naahwauk, Minn. 

BARR, J. CARROLL Crosby, Mtnn. 

BARROWS, WALTER A., JR Bralnerd, Minn. 
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BENEDICT, C. HARRY Lake Linden, Mich. 

BENQRY. WILLIAM H Palatka, Mich. 

BENNETT, R. M 710 Security Bank Bldg., Minneapolis, Minn. 

BINNY. JOSEPH McKlnley, Mfnn. 

BITTCHOPSKY, A. C Cleveland, Ohio. 

BJORK, ARVID Crystal Falls, Mich. 

BLACKWELL, PRANK Ironwood, Mich. 

BOLEY, W. B Baltic, Mich. 

BOLLES, FRED R Houghton, Mich. 

BOND, WILLIAM Ironwood. Mich. 

BONE, ALFRED Princeton, Mich. 

BOSS. CLARENCE M 200 Wolvln Bldg., Dulutb, Minn, 

BOWDEN. RICHARD Tiimountaln, Mich. 

BOWEN, REUBEN Pittsburg, Pa. 

BOWERS, E, C Iron River, Mich. 

BRiABT, B. F. Jones & Laughlln BIdg., Pittsburg, Pa. 

BRADY, SAMUEL Rockland, Mlcb. 

BREITUNG, EDWARD N ...Marquette, Mich. 

BRETT, HENRY Calumet, Mich. 

BRETTING, R. C Ashland, Wis. 

BREWER, CARL Ironwood, Mich. 

BREWER, LUTHER C Ironwood, Mich. 

BRIOHAH. E. D 215 Jackson Blvd., Chicago, Ills. 

BROWN, JOHN JACOB Carteret, N. J. 
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CARROL, MICHAEL J Houghton, Mich. 

CARSON, JOHN A Appleton, Wis. 
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RULES OF THE INSTITUTE. 



The objects of the Lake Superior Mining Institute are to promote 
the arts and aclences conDected with the economtcal production of 
the useful mloerals and metals In the Lake Superior region, and the 
welfare of those employed in these IndustrleB, by means ot meetings 
of Ecclal intercourse, by excursions, and by the reading and discus- 
sion of practical and protesalonal papers, and to circulate, by means 
ot publications among its members the information thus obtained. 



MEMBERSHIP. 

Any person Interested in the objects of the Institute la eligible 
for membership. 

Honorary members not exceeding ten in number, may be ad- 
mitted to all the privileges ot regular members except to vote. They 
must be persons eminent in mining or sciences relating thereto. 

in. 

ELECTION OF MEMBERS. 

Each person desirous ot becoming a member shall be proposed 
by at least three members approved by the Council, and elected by 
ballot at a regular meeting (or by ballot at any time conducted 
through the malt, as the Council may prescribe), upon receiving 
three-fourths ot the votes cast. Application must be accompanied 
by fee and dues as provided by Section V. 

Each person proposed as an honorary member shall be recom- 
mended by at least ten members, approved by the Council, and elect- 
ed by ballot at a regular meeting, (or by ballot at any time conduct- 
ed through the mail, as the Council may prescribe), on receiving 
nine-tenths of the votes cast. 

IV. 
WITHDRAWAL FROM MEMBERSHIP. 
Upon the recommendation of the Council, any member may be 
Btricken from the list and denied the privilege of membership, by 
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the vote of three-Courttas of the membere present at any regular 
meeting, due notice having been mailed in writing by the Secretary 
to him. 

V. 
DUES. 

The membership tee shall be five dollars and the annual dues 
Ave dollars, and applications for membership must be accompanied 
by a remittance of ten dollars; five dollars for such membership fee 
and five dollars for dues for the first year. Honorary members shall 
not be liable to dues. Any member not In arrears may become a 
life member by the payment of fifty dollars at one time, and shall 
not be liable thereafter to annual dues. Any member in arrears may, 
at the discretion of the Council, be deprived of thd receipt of pub- 
lications or be stricken from the list of members when in arrears 
six months; Provided. That he may be restored to membership by 
the Council on the payment of all arrears, or by re-election after an 
Interval of three' years. 

Vt 
OFFICERS. 

There shall be a President, Hve Vice Presidents, five Managers, 
a Secretary and a Treasurer, and these Officers shall constitute the 
Council. 

VII. 
.TERM OF OFFICE. 

The President, Secretary and Treasurer shall be elected for one 
year, and the Vice Presidents and Managers for two years, except 
that at the Brat election two Vice Presidents and three Managers shall 
be elected for only one year. No President, Vice President, or Manager 
shall be eligible for Immediate re-election to the same oITice at the ex- 
piration of the term for which he was elected. The term of ofHce 
shall continue until the adjournment of the meeting at which their 
successors are elected. 

Vacancies In the Council, whether by death, resignation, or the 
failure for one year to attend the Council meeting^, or to perform 
the duties of the office, shall be filled by the appointment of the 
Council, and any person so appointed shall hold office for the re- 
mainder ol the term for which his predecessor was elected or ap- 
pointed; Provided, That such appointment shall not render hfm In- 
eligible at the next election, 

VIII. 
DUTIES OF OFFICERS. 

All the affairs of the Institute shall be managed by the Coun- 
cil except the selection of the place of holding regular meetings. 
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The duties of all OfficerB shall be such as usual!; pertain to tbeir 
offices, or may be deleg&ted to them by the Council. 

The Council may, in its discretion, require bonds to be given by 
the Treasurer, and may allow the Secretary Buch compensation for 
his services as they deem proper. 

At each annual meeting the Council shall make a report of pro- 
ceedingB to the Institute, together with a financial statement. 

Five members of the Council shall constitute a quorum; but the 
Council may appoint an executive committee, business may be trans- 
acted at a regularly called meeting of the Council, at which less than 
a quorum is present, subject to the approv&i of a majority ot the 
Council, Buhsequentiy given in writing to the Secretary and recorded 
by him with the minutes. 

There shall be a meeting ot the Council at every regular meeting 
ut tbe Institute and at such other times as they determine. 
IX. 
ELECTION OF OFFICERS. 

Any five members not in arrears, may nominate and present to 
the Secretary over their signatures, at least thirty days before the 
annual meeting, the names of such candidates as they may select 
for offices falling under the rules. The Council, or a committee there- 
of duly authorized for the purpose, may also make similar nominations. 
The assent of the nominees sball have been secured In all cases. 

No less than two weeks prior to tbe annual meeting, the Secre- 
tary sball mail to all members not in arrears a list of all nomina- 
tions made and the number of officers to be voted for In the form 
of a letter ballot. Each member may vote either by striking frran 
or adding to the names upon the list, leaving names not exceeding 
in number the officers to be elected, or by preparing a new list, sign- 
ing tbe ballot with bis name, and either mailing It to the Secretary, 
or presenting It in person at the annual meeting. 

In case nominations are not made thirty days prior to the dato 
of the annual meeting tor all the offices becoming vacant under the 
rules, nominations tor such offices may be made at (be said meeting 
by Ave members, not In arrears, and an election held by a written or 
printed ballot. 

The ballots in either case shall be received and examined by three 
tellers appointed at the annual meeting by the presiding officer; and 
tbe persons who shall have received tbe greatest number of votes for 
tbe several offices shall be declared elected. The ballot shall be 
destroyed, and a list of the elected officers, certified by the tellers. 
Bbail be preserved by the Secretary, 
X. 
MEETINGS. 

The annual meeting ot the Institute shall be beld at auch time as 
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may be desisnated bj the Council The Institute may at a regular 
meeting select the place for holding the next regular meeting. If no 
place ta selected by the Institute it shall be done by the Ck>unciL 

Special meetings may be called whenever the Council may see fit; 
and the Secretary shall call a special meeting at the written re- 
quest of twenty or more members. No other business shall be trans- 
acted at a 8{>ecial meeting than that for which it was called. 

Notices of all meetings shall be mailed to all members at least 
thirty days In advance, with a statement of the busineBs to be trans- 
acted, papers to be read, topics for discussion and excursions pro- 
No vote shall be taken at any meeting on any question not per- 
taining to the business of conducting the Institute. 

Every questidU that shall properly come before any meeting of 
the Institute, shall be decided, unless otherwise provided for in these 
rules, by the voles of a majority of the members then present. 

Any member may introduce a stranger to any regular meeting; 
but the latter shall not take part in the proceedings without the 
consent of the meeting. 

XI. 
PAPERS AND PUBLICATIONS. 

Any member may read a paper at any regular meeting of the 
Institute, provided the same shall have been submitted to and ap- 
proved by the Council, or a committee duly authorized by It for that 
purpose prior to such meeting. All papers shall become tbe prop- 
erty of the Institute on their acceptance, and with the discussion 
thereon, shall subsequently be published for distribution. Tbe num- 
ber, form and distribution of all publications shall be under the con- 
trol of the Council. 

The Institute is not, as a body, responsible for the statements 
of facts or opinion advanced in papers or discussion at its meet- 
ings, and It Is understood, that papers and discussions should not 
include personalities, or matters relating to politics, or purely to 

xn. 

SPECIAL COMMITTEES. 

The Council Is authorized to appoint from time to time special 
committees to consider and report upon, to the Institute through the 
Council, such subjects as changes in mining laws, safety devices, 
the securing and ediUng of papers on mining methods, definition of 
mining terms, affiliations with other societies, and such other sub- 
jects as the Council shall deem it desirable to inquire Into, such re- 
ports not to be binding on the Institute except action U token by 
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the Institute in accordance with the rules, and the Council la 
authorized to expend not exceeding six hundred dollars in any one 
year to carry out the purpose ol this section. 

xin. 

AMENDMENTS. 
These rules may be amended by a two-thirds vote taken by let- 
ter ballot In the same manner as is provided tor the election of 
ofllcera by letter ballot; Provided, That written notice of the pro- 
posed amendment shall have been given at a previous meeting. 
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EXCURSIONS. 
Tuesday, August 26th, 1913. 

Tlie Lake Superior Mining' Institute held its Eigliteenth 
Annual Meeting on the Missabe Range, the members assem- 
bling at Duliith, most of them arriving there on the morning 
trains. Headquarters were established at the Spalding Hotel 
where niemljers and their guests secured tickets and reserva- 
tions for the trip over the range. The morning was very 
pleasantly spent in renewing old acquaintances, meeting new 
(jnes, and expressions of good fellowship. 

The party left Duluth at 2 o'clock on the Steamer "Colum- 
bia" to inspect the plant of the Minnesota Steel Ccmipany, a 
subsidiary of the United States Steel Corporation. They 
found the plant still in the process of construction upon a 
tract of 1,500 acres with a water frontage of more than two 
miles along the St. Louis river. It is about nine miles from 
the center of Duhith. The plant when ctMnpleted and 
e(iuipi)e<l will, it is said, be the best plant among the many 
oi»erated by the Steel Corporation. The buildings are of steel 
frames, enclosed with two-piece concrete blocks, making 
theni absolutely fire-prtx)f. There will be two blast furnaces 
of 500 tons capacity each, and ten oi)eii-heartb furnaces, also 
ninety Koj^pers tyi>e by-product coke ovens; one 40-inch re- 
versing bkxMiiing mill; one 28-inch finishing mill; one 16- 
inch continuous roughing train. The iK>\ver is of 10,000 k. 
w. capacity; five blowing engines, driven by gas, and of 20,- 
000 cubic feet cai>acity each, and a pumping station of 40,- 
000 gallons daily capacity. There will be also machine and 
structural shops sufficient to supply the needs of the com- 
pany. The company is also erecting 175 houses containing 
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350 apartments for the acccHtiniodation of their men and 
their families. They contemplate building a cement plant, 
of 4,000 larrels per day capacity, in the near future, , 

After securing much valuable information from the in- 
spection of this plant the party returned to Duluth, arriving 
there shortly before 6 o'clock. The evening was very en- 
joyaWy spent as guests of the various clubs. The party left 
in three special trains over the Duluth & Iron Range Railroad 
at midnight. One of these luxurious trains was composed 
of ten sleeping and dining cars, the other two of fifteen private 
cars. 

Wednesday, August 27TH, 1913. 

The first stop was made at Biwabik, which is located on 
tlie eastern en<l of the range. A very interesting inspecticni 
of the Biwaljik mine was made. This property was the sec- 
ond on the range to mine iron ore. It was opened in 1891, 
one year after the discovery at Mountain Ircai. A part of 
the ore mined there is of a very hard grade and has to be 
crushed. The crusher is of the gyratory type. Its capacity 
is 1,000 tons i>er hour. It is said to be the largest crusher of 
this tyjie, having an i^iening of 48 inches. 

The party left Biwabik, in seventy automobiles, for Vir- 
ginia, where tlie afternoon and night were spent sight-seeing 
and visiting. On the road a visit was paid to the Genoa 
mine, near Eveletli, one of the deep pits of the range. It is 
iio deep that it is no longer profitable to work with steam 
shy\els. Most of the ore is now taken to the surface through 
two shafts. A stop was also made at the Leonidas. Here 
many went underground for the purpose of inspecting the 
concrete pumping statioaand new pumps. This is the deep- 
est proi)erty on the range. They are now mining at a depth 
of 480 feet. 

A very enjoyable dinner of the Xew England style was 
served i>y the ])eople of Eveletli at the new Glode Hotel. 
After dinner the Norman, Union, and Commodore nrines of 
Virginia were inspected. It is interesting to note that the 
Norman is the deepest pit on the range, so deep that the steam 
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shovel work iias been almiKioned. The pit is over 300 feet 
deep and, owing to the narrowness of the vein and the per- 
pendicular walls of rock, mining operations have been carried 
on with much difficulty. 

The party was next taken to the modem equipped saw 
mill plant of the Virginia & Rainy Lake Company. This 
plant consists of three large mills, all within the city limits 
of Virginia. They have a combined cajxicity of one million 
feet of lumber per day. It requires a force of about 1,400 
men to operate these mills. The company also has a large 
force of men employed in the woods getting out logs to sui> 
ply the mills. 

Some of the company who were esi>ecially interested in 
this feature of Missabe mine operations visited the drying 
plant at the Brunt mine. The ore is brought from the open 
pit a mile distant and nm through the drj-ers. This process 
reduces the moisture from 18 to 8 per cent. The plant con- 
sists of four dryers and the estimated output for 1913 is 200,- 
000 tons. This plant is oiierated by the M. A. Hanna Com- 
l>any. A short visit to the concentrating plant at the 
Madrid mine, of the A. B. Coates group, was made. This 
plant is described by Benedict Crowell in a jjaper which is 
printed in this \'oIume. A map and description of the Com- 
modore mine of the Corrigan, McKinney Company, is pub- 
lislied in connection with the i>aper on "Mining Methods on 
the Missabe Range." 

Some other properties were visited during the afternoon, 
and at 4 o'clock a game of base ball between the Virginia and 
Range teams was greatly enjoyed. A splendid dinner was 
served by the mining men of Virginia at the new home of 
the Elks Lotlge of that city. The dinner was followed by 
an excellent musical prc^ram, A business session was heltl 
in the evening in the high school building. 

Thursday, August 28th, 1913. 

The party left Virginia, at 9 o'clock, for Chisholm, where 
luncheon was served by the citizens at Bergeron Hall. Stops 
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were made en route at the Mountain Iron, Shenango, ajid 
Monroe properties. As mentioned above Mountain Iron is 
the place where the first iron ore on the Missabe Range was 
discovered. This big pit has shipped over seventeen million 
tons of iron ore. The Shenango is one of the big open pit 
mines of the Missabe. It has been worked to considerable 
depth. The Monroe is not operating. The mine is com- 
pletely stripjjeil, but no ore has been mined since 1909. The 
property adjoining the Monroe is now being stripped by the 
Great Northern Railroad interests, who contemplate operat- 
ing the nir'nes on the Hill Lands, now under lease to the Oliver 
Iron Mining company. 

The party moved from Chisholm to Hibbing, which is 
only a few miles, stopping on the way at the Leonard mine. 
Here the entertainment provided a visit to the Fair grounds 
where the St. Louis County Fair was being held. Everybody 
greatly enjuyed the horse races in spite of the fact that recent 
rains had made the track exceedingly heavy. The exhibit of 
agricultural produce was exceptionally cred-itable for such a 
new cuuntry. The Fair was well patronized by people from 
the adjoining towns and everybody seemed to be having a 
good time. 

The evening entertainment at Hibbing was given at the 
Armorj". The several city clubs held open-house and the 
e\ening was very enjoyably spent. 

Friday, August 2gTH, 1913. 

About 9 o'clock in the morning the party embarked in 
flat cars provided with seats, and were taken into the c^n 
pits of the Mahoning, Hull-Rust, Burt-Pool, and Sellers. 
These mines are located in the city of Hibbing. Mining is 
Ixing done very close lo the city streets in several places, 
and before many years a part of the city will have to be 
mo\ed to make way for mining. The Hull-Rust is the largest 
iron property in the world. It has shipjied over 20,000,000 
tons of ore up to the present time. The mine was first opened 
in 1896, and there are many million tons now in sight so that 
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mining- will be carried on there for many years to come. The 
extent of the ore body at this point is given as 5 miles in 
length by 3 or 4 thousand feet in width. A visit was also 
made to the Buffalo & Susquehanna property. More than 
140 feet of over-burden had to be removed before the ore 
could be mined and slii])ping cc«nmenced. The work was 
done in record time because of the character of the ground. 
They found the ore to a depth of 700 feet. 

Special trains departed from Hibbing at 10:30 o'clock for 
Coleraine, on the western end of the Range, where the night 
was spent and a business meeting held. Stojs were made at 
the Stephenson, Hawkins, Crosby, Hiil, Holman, and Cani- 
steo mines. All of these mines do open pit mining although 
some are also operating with shafts. The Hohnan and Cani- 
steo mines are very near to Coleraine. Coleraine is one of 
the best laid-out and finest mining locations in the country. 
Its location is almost ideal, being 011 the hills on the shore 
of Trout Lake. 

Saturday^ August, 30TH, 1913. 

After breakfast S.iturday morning the Oliver Iron Min- 
ing Company's concentrating plant was visite<l. Here we 
saw how the ores from the pits are freed of sand. A large 
[K^rtion of the ore on the Western Missabe range contains 
a great quantity of san<l. This worthless material is washed 
out in the concentrating plant, thereby bringing the ore to a 
merchantable grade. The Coleraine plant has a capacity of 
Jo,ooo tons daily. This is comixjsed of five units of 4,000 
tons each. A i>aj>er by John Uno Sebenius, chief engineer for 
the Oliver Irtm Mining Company, describinr this plant, Ap- 
|>ears in another i>art. of this publication. 

The inspection of the concentrating plant ended the pleas- 
urable and instructive inspection of the wonderful Missabe 
Range, si> the si)ecial trains were again boarded and the 
party began the return to Ehduth, where they arrived shortly 
after the noon hour. Most of those who had enjoyed the 
trip left on' evening trains for their homes, all loud in their 
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praises of the entertainment accorded to them by the good 
people of the Missabe Range. How could they feel other- 
wise? Brass bands were in atendance in all towns visited 
and e\ery host seemed to endeavor to outdo every odier in 
the cordial sincerity of their greetings. It is always pleasant 
lo meet old acquaintances and fellow workers of days that 
are gone. Many of the residents of the newer towns of the 
Missabe Range were formerly residents and workers in the 
older fields. There was evidence of progress and improve- 
ment on every hand which was remarked by all who had vis- 
ite<l the Range on former trips of the Institute. The atten- 
dance numbered more than 300. 

A booklet, published by the General Committee, contains 
many views and much interesting infonnation, ccMnpiled and 
arranged by W. W. J. Croze, mining engineer, Dululh, and 
is published as an appendix to this volume. 
BUSINESS SESSIONS. 

The first business meeting was held on Wednesday even- 
ing at 8:30, at the Roosevelt High school, in the City of 
Virginia. President Pentecost Mitchell presiding. Mr. Mitch- 
ell, on liehalf of the membership from the Minnesota ranges, 
extended a cofilial welcome to the members and guests pres- 
ent. 

I'apers were presented in the following order: 
♦Report of Committee on the Practice for the Pre\'ention 
(>i .Accidents, was, in the absence of tiie members, read by 
title. It presented the rqK>rt of the two meetings heltl by the 
Committee, on March zfilh and July 22nd, 1913. The Com- 
mittee especially advises the adoption of the classification 
of accidents as used by the United States Bureau of Mines 
in order that all reports may be unifonn. Discussion of this 
paper should be presented at the ne-\t meeting. 

The following papers, in the alwence of the authors, were 
read by title: 

•Sanitation for Mine Locations, by W. H. Moulton, Ish- 
peming, Mich. 
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♦Wincfiia Stamp Mill, by R. R. Seeber, Winona, Mich. 

♦Mining Methods on the Missalw Range, by Willard Bay- 
hss J. S. Lutes and E. D. McNeil, Committee was presented 
in oral abstract by Messrs. Bayliss and McNeil. 

*What Our Neiglibors Can Do In Mining Iron Ore, by 
Dwigbt E. Woodbridge, Duluth, Minn., was read by the 
author. 

♦Safety in the Mines of the Lake Superior Iron Ranges, 
by Edwin Higgins, Ironwood, Mich., was presented in oral 
abstract. Discussion is published following paper. 

This concluded the reading of papers for the evening. 

The President here introduced diaries E. VanBameveld, 
chief of the department of Mines and Metallurgy of the 
Panama-Pacific International Exposition, 191 5, who addressed 
the meeting as follows : 

Someone has aptly called Uie Panama Canal "the Greatest i.ibert7 
ever taken with nature." The eucceasiul completion of this project 
la due to American enterprise and American englneerlog skill. The 
natioD Is Justly proud of this achleivement and proposes to celebrate 
It by ho'.dlDg an International Exposition In San Francisco In 1915. 
I wish to lay special emphasis on the word international. Because 
of its location, the Exposition is olten spoken of and more often 
thought of as California's Exposition. While the majority wish It 
success and hope to take it in, a great ntany people do not seem 
to realize that practically everyone who occupies a position of any 
respODBlbillty in American professional and Industrial life owes 
some direct thought and attention to this Exposition now. 

In a sense California Is the host. In a larger sense, however, 
the Nation is the hoat. The Nation has Issued the call and has in- 
vited world-wide participation. Canadian, Australian, Asiatic and 
South American participation are assured on a large scale. The 
same may be said of Europe. While two important European Na- 
tions have officially declined to participate for the present, there 
is every reason to feel assured that they will ultimately be well 
represented. 

The citizens of California in preparing for this Exposition have 
raised 17^ million dollars This sum Is being wisely expended Id 
preparation of the site, la the erection and equipment of the Exposi- 
tion Palaces and In the maintenance of the Division of Exhibits. 
The Director of Exhibits and his stafl will be In readiness to advise 
with you, to receive and intelligently display the Nation's contribu- 
'Papers distributed In printed form. 
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tions towards this celebration. Beyond that, It must be clear to you 
tliat the responsibility for a successful Bxpositloa lies with profes- 
Blonal and industrial America. 

This Exposition will be a record ot the history of the world's 
progress In all the arts and industries. Its exhibits, gathered from 
all over the world, will tell the casual observer, the student, the 
thinker by object-lessons instead of by worda. what mankind Is, 
does, and seeks to do. It will be a living picture Illustrating and 
Interpreting the cold and bare statistics which, without such In- 
terpretation, are Incomprehensible and meaningless to the average 
mind. It is therefore the privilege and duty of each Industry to 
properly represent its activities. Each industry being In turn the 
host to all others. 

The Division ot Exhibits is organized Into eleven departments, 
one of which is Mines & Metallurgy. The Palace o.' Mines Is a 
beautiful building, well located and has about 200.400 square feet 
ot floor space. In addition to exhibiting the World's Natural Min- 
eral Resources, Including the Metalllcs and Non-Metalllca, we hope 
to fully illustrate the technique and the industrial side of Mining 
and Metallurgy. This can only be done through the hearty coop- 
eration ot the profession and the industry. 

It has been said that mining operations do not lead themselves 
readily to exhibition and that the legitimate mine-operator has llttie 
commercial incentive to exhibit because he has nothing to advertise, 
nothing to sell! Fortunately, the mining Industry is, in the main, 
in the hands ot public-spirited men, accustomed to taking a large 
view ot things, men who will not allow the lack of commercial in- 
centive, the lack of apparent direct Individual beneflt, to outweigh 
the decided Indirect, collective benefits to be derived from the right 
sort ot publicity. We hear much of the decadence of prospecting 
and mining, ot the lack of security and stability of mining invest- 
ments. The miner has suffered greatly from misunderstanding, from 
public Ignorance, and above all from persistent misrepresentat'on. 
We all recognize In a general way, the importance of education; it 
Is the greatest remedy for prejudice, superstition, and Ignorance; 
it makes for greater all-around efficiency. A well planned exposi- 
tion is ot Incalculable value as an educator of the public mind and 
no Industry Is In greater need ot this service today than mining. 
Many Important questions in which the miner is vitally interested 
are pressing for settlement. The public Is taking an increasingly 
active part in forcing these settlements. When not blinded by pre- 
judice and Ignorance, the public is essentially fair-minded; it only 
needs to be educated. You have berore you now an opportunity 
which probably will not recur for a decade to give the public an in- 
sight into the importance, the etabillty. and solidarity ot your In- 
dustry, Us legitimate speculative and Investment features, your need 
ot capital, of fair treatment, of wise legislation, of public support 
and co-operation. 
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Every mining man ehould see In this Exposition an opportunity 
'.'or Bome broadcast sowing. Tlie higher he has risen In his profes- 
sion, the more Important the enterprise he owns, directs or is as- 
sociated with, the greater will his opportunity be. To approve the 
aeDtlment that the Industry should be properly represented Is only 
the Srst Etep. While the result will be collective, the responsibility 
Is Individual. IF each maa will ask hlmselt. What can I do Individual- 
ly — What can I do to interest my company, my clients — What can 
I do to Interest my superiors, my subordinates, to interest machinery 
men and those Interested In special processes; and having asked and 
thought, will then set about doing It, we will have a mining and 
metallurgical exhibit worthy of the Industry. 

The Lake Superior Districts are Justly famed for their copper 
and iron ore production. From the standpoint ot tonnage, scale of 
operation and engineering practice, this Is the iron mining center 
ot the world. The Lake Superior miner ot tite past generation was 
the originator and you ot the present generation are the pertectors 
ot mining methods which are copied all over the country. The Ex- 
position therefore makes a direct appeal to your Individual pride, to 
your pride of Industry, to your state and national pride — in a word, 
to the best that is In you; your patriotism. 

Qet together on this proposition, gentlemen, and give us an Ex- 
hibit worthy oi' your branch ot the Industry which more than any 
has advanced the settlement, the upbuilding and civilization ot this 
country. 

The next order of business was appointing the various 
special conmiittees. On motions duly made, seconded and car= 
rieil, tlie President a|)pointetI the following committees, to re- 
[x>rt at the business session on Friday evening. 

Committee on NoMiNATioNS^Mark Elliott, Virginia, 
Minn.; Wm. J. Richards, Crystal Falls, Mich.; Peter W. 
I'ascoe, Republic, Mich.; Andre Formis, Ojibway, Mich.; 
L. M. Hardenburgh, Hurley, Wis. 

Auditing Committee — Frank B. Goodman, Hurley, 
Wis.; Max H. Barber, Nashwaiik, Minn.; Charles Grabows- 
ky, Virginia, Minn. 

Committee on Resolutions — Jolm H. Hearding, Duliith, 
Minn.; George H. Al)eel, Ironwood, Mich.; Wm. H. John- 
ston, Ishi>eming, Mich. 

^\n adjoumment was theii taken to Friday evening at 
8:30 o'ckwk, at the Village Hall, Coleraine. 
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Business Session Friday Evening. 

At 8:30 the final business meeting was held. Owing to 
the inability of President Mitchell to be present, Vice Presi- 
dent George H. Abeel, presided. The presentation of pajiers 
was continued, and were taken up in the following order; 

The following papers were read by title: 

♦Relining No. 2 Hamilton Shaft with Reinforced Divid- 
ers. End Plates and Poured Concrete Walls, by S. VV. Tarr. 
Duluth, Minn. 

*Sug^stions on the Api>lication of Efficiency Methods to 
Mining, by C. M. Leonard, Gwinn, Mich. 

•The Application of Mining Machines to Underground 
Mining on the Missabe Range, by H. E. Martin and \V. J. 
Kaiser, Hibbing, Minn. 

*Mine Laws, Special Rides and the Prevention of Acci- 
dents, by E. B. Wilson, Scranton, Pa. Discussion is pul>- 
lished with the paper. 

•Concentrating at the Madrid Mine, by Benedict Crowell, 
Cleveland, Ohio, 

Wash Ores in Western Missabe and the Colet:aine Wash- 
ing Plant, by John Uno Selienius, Dulwth, Minn. 

Electricity, by William Kelly, Vnlcan, Mich. (Title not 
finaJ.) 

Hoist EfficietKy, by Frank H. Armstrong. Vulcan, Mich. 
(Title not final.) 

Dry House at East Vulcan Mine. Penn Iran Mining Co.. 
by Floyd L. Burr, Vulcan, Mich. 

This cimipleted the reading *>f Pa|)ers and ihe rei)ort of 
the'Coimcil was then ]>resented. 
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REPORT OF THE COUNCIL 



Secretary's report of Receipts sDd DtsbursemeDtB trom August 
22i)<I. Idia to August ISth, 1913. 

RECEIPTS. 

Cash on hand August 22nd. 1912 (5,994 58 

Entrance (ees for 1912 $ 330 00 

Dues for 1912 2,210 00 

Back dues, 1909 f 25 00 

Back dues. 1911) 70 00 

Back dues, 1911 210 00 305 00 

Advance dues for 1913 65 00 

Sale of FroceediDga 31 25 

ProposalB for membership 30 00 

Institute pin 4 00 

Houghton meeting proportion ot proi 

gram 127 22 

ToUl (3.092 47 

Interest on deposit 205 53 

Total receipts 3,298 00 

Grand total »9,292 00 

DISBURSEMENTS. 

Stationery and priotlng ( 95 OO 

Postage 139 06 

Freight and express 23 90 

Exchange 2 15 

Telephone and telegraphing 4 74 

Secretary's salary 750 00 

Stenographic work CO 00 

Total (1,075 59 

Publlahing Proceedings Vol. XVI 1,007 98 

Photographs, maps, etc 131 31 

Advance papers 1912 191 75 

Programs, etc.. 1912 170 72 

Advance papers, 1913, (cuts) ■ 52 37 

Expense Houghton meetings, rent and 

stenographer 33 50 

Badges for meeting. 1912 81 25 

Committee meetings, traveling expenses 51 90 

Total (1.720 84 

Total disbursements 2,790 43 

Cash on hand August 18th. ISI.t G.496 15 

Grand total (9,292 58 

MEMBERSHIP. 

1913 1912 1911 

Total 518 48G 517 

Members In good standing 4S3 437 4C7 

Honorary members 4 4 4 

Life members 2 2 2 

Members in arrears (2 years) 29 43 44 

New members admitted. 191,2 71 31 46 

New members not qualified 5 4 3 

New members added GG 27 43 
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TREASURER'S REPORT. 
Treaaurer^s Report from August 26th, 1912, to August 18th, 1913: 

Cash on hand August 26th, 1912 $5,994.5S 

Received from secretary 3,062.47 

Received interest on deposits 30B.53 

Paid drafts issued by secretary (2,796.43 

Cash on band August IStb, 1913 6,466.15 

Totals 19,262.58 |9,262.E8 

Summary of cash on hand; 

As per treasurers report (0,466.15 

In hands of secretary 30. (H) 

Total as per secretary's report (6,496.15 

The following standing committees were appointed by the 
Oinncil for the ensuing year: 

"PRACTICE FOR THE PREVENTION OF ACCIDENTS." 

(Committee to consist of Ave members.) 
C. E. lAWrence. Palatka, Mich., Chairman; D. E. Sutherland, Iron 
Mountain, Mich.; Wm. Conlbear, Ishpeming, MIcb.; W. H. Schacht, 
Palnesdale, Micb,; M. H, Godfrey, Virginia, Minn. 

•■CARE AND HANDLING OF HOISTING ROPES." 
(Committee to consist of Bve members.) 
W. A. Cole, Ironwood, Mich., Chairman; O, D. McCIure, Ishpeming, 
Mich.; J. S. Jaclia, Crystal Falls, Mich.; W. J. Richards, Palnesdale, 
Mich.; A. Tanclg, Hihblng, Minn. 

■PAPERS AND PUBLICATIONS." 
(Committee to consist of five members.) 
Wm. Kelly, Vulcan, Mich., Chairman; J. H. Heardlng, Duluth, 
Minn.; F. W. McNair. Houghton, Mich.; J. E. Jopllng, Ishpeming, 
Mich.; P. S. Williams, Ramsay, Mich. 

"BUREAU OP MINES." 
(Committee to constat of three members.) 
M. M. Duncan, Ishpeming, Mich.. Chairman; J. B. Cooper, Hub- 
bell, Mich,: A. J. Yungbluth, Secretary, [shpemlng, Mich. 
"BIOGRAPHY." 
(Committee to consist of five members.) 
J, H. Hearding. Duluth, Minn., Chairman; J. B. Cooper, Ilubbell, 
Mich.; R, A. Douglas, Ironwood, Mich.; II. U. McGee, Crystal Falls 
Mich.; W. H. Newett, Ishpeming, Mich. 

"MINING METHODS ON THE MARQUETTE RANGE." 
(Committee to consist of three members to be appointed later.) 
Committees to serve until their successors ara appointed; each 
committee to have power to appoint sub-corn mitleea as may be 
deemed necessary. 

The following letter and invitation was received from ihe 
Commiltee of Management <)f the Inleniational I'-iigincering 
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Congress, to be held in San Francisco, Sept. 20th to 25th, 

1915: 

INTERNATIONAL ENGINEERING CONGRESS, 1915. 
N«w York City, N. Y. 
To th« Secrotary of 

Lake Superior Mining Inttitute, 
Uhpemlng, Mich, 
Dear Sir: 

On behuif of the Committee o' Management of the International 
Engtneerlni; Congrees to be held In San Francisco In 1915. we have 
the honor to enclose herewith a most cordial lnvitat:on to the officers 
and members of your Society to attend and to participate in the pro- 
ceedings of this Congress. 

We would reapectlully request that you transmit to your mem- 
bers tbe information contained in the prelim nary announcement, 
wblch is also enclosed and which gives such outline of the Congress 
BB can be iurnished at the present time. 

Further details relative to the Congress will be sent to you In the 
near future by the Secretary of the Committee of Management tn 
San Francisco, and we would request that your reply to the Invita- 
tion and to tbls, as well as to all future communicattons relative to 
the Congress, be addressed to the Executive Oftlcers of the Com- 
mittee of Management In San Francisco, 

Very reapect.'ully yours, 
GEO. F, SWAIN, President. 

CHAS. WARREN HUNT, Secretary. 

American Society of Oil Engineers. 
CHAS. F, RAND, President. 

BRADLEY STOUGHTON, Secretary. 

American Instilute of Mining Engineers. 
W. F. M. GOSS, President. 

OALVIN W. RICE, Secretary. 

The American Society of Mechanical Engineers. 
RALPH DAVENPORT MERSHON. President. 
F. L, HTTCHINSON, Secretary, 

American Institute of Electrical Engineers, 
ROBERT M. THOMPSON, President. 
DANIEL H. COX, Secretary. 

The Society of Naval Architects and Marine Engineers. 

The American Society of Civil Eng neers 

The American Institute of Mining Engineers 

The American Society of Mechanical Engineers 

The American Institute of Electrical Engineers 

The Society of Naval Architects and Marine Engineers 

extend to the officers and members of 

THE LAKE SUPERIOR MINING INSTITUTE 

a most cordial Invitation 

to attend and to participate in the proceedings of 

The International Enfilneering Congress 

to be held In connection with 

The Panama Pacific International Exposition 

September twentieth to twenty-fifth 

in the year one thousand nine hundred and fltleen 

in San Francisco 

California 
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The letter ballot on the resolution presented at the last 
annual meeting was referred to Wilham Kelly and L. C, 
Brewer as tellers, who canvassed the vote and presented the 
following resiihs : 

\V'hole number votes cast, 200. 

In favor of resolution, 200. 

The resolution was accordingly adopted and added to the 
rules as Rule XII. 

On motion the report of the Council was adopted. 

The following proposals for membership have been ap- 
pn)ved by the Cotmcil : 

Barr, J. Carroll, General Manager, Pittsburg Steel Ore 
Co.. Crosby, Minn. 

IJatchelder, B. \V., Superintendent Hawkins Mine, Nash- 
wauk, Minn. 

Holies, Fred R., Assistant General Manager, Copper 
Range R. R., Houghton, Mich. 

Burdorf, Harry A., Representative The Lunkenheinier 
Co., 2316 Garfield Ave., S. Minneapolis, Minn. 

Bush. E. G., Diamond Drill Contractor, 909 Alworth 
BIdg., Duluth, Minn. 

Caine, D. T., Local Superintendent, Republic Iron & Steel 
Co., Gilbert, Minn. 

Cash, F. H., Local Superintendent, Republic Iron & Steel 
Co.. Kinney, Minn. 

Christianson, Peter, Professor o£ Metallurgy, School of 
Mines, University of Minnesota, Minneapolis, Minn. 

Comsttxrk, Henry, General Sui>erintendent, Witherbee 
Sherman & Co., Mineville, New York. 

Conistock, Ehling H., i*rofessor -Mechanics & Mathe- 
matics, School of Mines, University of Minnesota, Minnea- 
l»>lis. Minn. 

Cook, Charles \V., Instnictor in Economic Geology, Uni- 
versity of Michigan, Economics BIdg., Ann Arlx>r, Mich. 

DeHaas, Nathan G., Wholesale Lumber, Marquette, Mich. 

Diehl, Alfred S., Chief Engineer, Oliver Iron Mining 
Company, Coleraine, Minn. 
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Donahue, E. J. W., Secretary, Cuyuna-Diihith Iron Com- 

l>any. 416-17 Lonsdale Bldg., Diiluth, Minn. 

Dow, Heri^ert W., Sales Manager, Nordlierg Mfg. Co., 
Milwaukee, Wis. 

Drake, John M., Superintendent. Meridan Mine, Hibbing, 
Minn. 

Eckstroin, .Alexander, J., Mining Engineer, Kee^vatin, 
Minn. 

Emiin)ns, WiUiain H., Director, Minnesota Geological 
Survey, University of Minnesota, Minneapolis, Minn. 

Flannigan, Thomas A., General Superintendent, Repub- 
lic Iron & Steel Co,. Gilbert, Minn, 

Foote, George C, Resident Director, Witlierbee Slier- 
man & Co., Port Henry, New York. 

Farl)es, Guy R., Mining Engineer, 329 Hemlock St., 
Virginia, Minn. 

Gaynor, William E,, Manager Great Lakes Dredge & 
Dock Co., Diilutli, Minn. 

Haltoiiay, Fred H., Superintendent Winston & Dear, Hib- 
bing. Minn. 

Hayden, J, Elzey, Mining Engineer, C. C. L Co., Ishpem- 
ing, Mich. 

Heini, Harry R., Salesman Wesiinghouse Elec. Co., 936 
Mctroix>litan Life Bldg., Minneapolis, Minn. 

Higgins. Edwin, Mining Engineer, care Bureau of Mines, 
IronwcxKl, Mich. 

House, Allen C, care ^L A, Haima & Co., Cleveland, 
Ohio. 

Jenks, C. O., General Superintendent, G. N. Ry., Super- 
i.if. Wis. 

Johnson, Harry O., Osterberg & Johnson, Diamond Drill 
Cuntractor-s, Virginia, Minn. 

Juhnsiin. Xels, Local Superintendent Republic Iron & 
Steel Co., Keewatin, Minn. 

Johnstone, Orland \\'., Si^ecial Agent Soo Line, Duluth, 
Minn. 
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Kiereii, Josei>h, Master Mechanic, Republic Iron & Steel 
Co.. Gilbert, Minn. 

Kurtzmaii, P. L., I-ocal Superintendent Republic Iron & 
Steel Co., McKinley, Minn. 

Locker, W. H., Treasurer, Ciiyuna-Duluth Iron Com- 
pany, 416 Lonsdale Bldg., Duluth, Minn. 

Middltmise Bruce A., Mine Superintendent, HiW>ing, 
Minn. 

Mitchell, Harold E,, Leonidas, Oliver Iron Mining Com- 
pany, E^■eleth, Minn. 

MacKillican, James A., Mining Engineer, Meridan Iron 
Co., Hibbing, Minn. 

McRandle, William E. R,, Superintendent Gale Mine, 
Bessemer, Mich. 

Obei^, Antoii C, Chief Engineer, Arthur Iron Mining 
Co., Hibbing, Minn. 

Ov-erpeck, HoHis \V., Safety Inspector, Oliver Iron Min- 
ing Co., Virginia District, Virginia, Minn. 

Peilenz, William F., Jr., Mining Superintendent, Carson 
Lake, Minn. 

Penniman. Dwight C, Representative Central Electric 
Company, Clinton Hotel, Minneapolis, Minn. 

Peterson, A. Y,, Assistant General Superintendent, Oliver 
Iron Mining Co., Chisholm, Minn. 

Philbin, Donald M., Charge Great Northern Iron Ore 
Properties, 408 Selhvood Bldg, Duluth, Minn. 

Pursell, H. E., Sales Manager, Kewanee Boiler Co., Ke- 
wanee, Illinois. 

Redner, A. E., Mining Captain, 216 Aurora Location, 
Ironwood, Mich. 

Reifel, H. T., Superintendent La Rue iline, Xasbwauk, 
Minn. 

Rouchleau, Louis, Mine Owner, West Hotel, Minneaix>I:s, 
Minn. 

Selhvood. R. M., Mining & Banking, Duluth, Minn. 

Sheldon, Albert F., Garlock Packing Co., 112 X. Ardi 
St., Marquette, Mich. 
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Shove, Brigham W., Agent C. N. W., Ry., Ironwood, 
Mich. 

Silliman, Thomas, B., Mining Engineer, Coleraine, Minn. 

Stephens, James, Mining Captain. North Lake, R. F. D., 
Ishpeming, Mich. 

Sullivan, A. J., General Superintendent, Oliver Iron Min- 
ing Co., Chisholm, Minn. 

Talboys, Henry H., Salesman, Ingersoll-Rand Drill Co., 
717 Providence Bldg., Dukith, Minn. 

Tappan, WiUiam M,, Mining Superintendent, Hibbing, 
Minn. 

Thomson, Carmi A., General Manager, Great Northern 
Iron Ore Properties, Room 222, G. N. Bldg., St. Paul, Minn. 

Tuljby, Charles, \V., District Manager, International 
Sleam Pump Co., 703 Commerce Bldg., St. Paul Minn. 

Ulrich. William F,, Chief Chemist Oliver Iron Mining 
Company, Chisholm, Minn, 

We1>b, Walter M., Safety Inspector-, Republic Iron & 
Steel Co., Gilbert, Minn. 

White, J. W., Sales Representative, Tlie Jeffrey Mfg. 
Company, 1905 E. SuiJerior St., Duluth, Minn. 

Wilcox, Lee L., Chief Engineer, Republic Iron & Steel 
Co.. Gilbert, Minn. 

Willard, Paul D., Mining Engineer, Hibbing, Mimi. 

Williams, Dean R., Sales Agent, Williams & Wolff, 1213 
Majestic Bldg., Milwaukee, Wis. 

Wilson, Arthur O., Engineer Susquehanna Mine, Hib- 
bing, Minn. 

Wuoilbridge, Dwig'ht E., Mining Engineer, Sellwood 
Ittdg.. Duluth, Minn. 

Zimmerman, Walter G., Contracting Manager, American 
Br'dge Co., Duluth, Minn. 

On motion the Secretary was instructed to cast the ballot 
for the election of tlie applicants to membership. 

The Auditing Cfflnmittee then presented the following re- 
port: 
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■ Your Committee appointed to examine the Iwoks of the 
Secretary and Treasurer, beg leave to re|x>rt that we ha\'e 
carefully examined same am] find the receipts and exjjendi- 
tures siiovvn therein to Ije in accordance with the statements 
of the Secretarj' ajid Treasurer for the fiscal year ending 
August 26th, 1913. 

FRANK B. GOODMAN, 
MAX H. BARBER, 
ClIAS. GRABOWSKV. 

pn motion the rejwrt of the Committee was adq>ted. 
Report of Committee on Nominations. 

Y<!iir Cr-mmittee on nominations beg leave to submit ihe 
following names for officers of the Institute for temis speci- 
fieil: 
For Presi<]ent (one year) : 

\V. H. Johnston, Ishpeming, Mich. 
For Vice Presidents (two years) : 

C. T. Kruse, Ishpeming, Mich. 

Charles E. Lawrence, Palatka. Mich. 

Liirher C. Brewer, Ironwtxxl, Mich. 
Fcr Managers (two years): 

W, .\. SidjenthaJ. Repu1>lic. Mich. 

J. S. Lutes, Biwabik, Minn. 
Fi:r Manager (one year, to fill vacancy) : 

S. R. Elliott, Negaunee, Mich. 
Ft r Treasurer (one year) : 

E. W. Hopkins, Commonwealth, Wis. 
For Secretary (one year): 

A. J. Yungbluth, Ish|>eming. Mich. 

M.\RK ELLIOTT, 

W. J. RICHARDS, 

PETER W. PASCOE, 

ANDRE FORMIS. 

L. M. H.\RDENBL'RGII, 

Committee, 
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Oiimoticm ttie Secretary was instructed to cast the ballot 
for the election of tlie officers as submitted by the Committee. 

On motion by Robert A. Douglass, the diair appointed 
the following Committee to escort the newly elected Presi- 
dent to the platform: Ro}:)ert A. Douglass and Pearson 
Wells. Mr. Johnston, upon being introduced, addressed the 
meeting as follows : 
Mr. Johnston : 

Mr. Pl^esident and Members of the Institute: I ap- 
preciate what a very great honor you have conferred upon 
me. for I realize that it is a great honor to be President of 
the Institute. With this honor also goes a very great re- 
sponsibility. I am more impressed with this responsibility 
after the fine program they ba\-e given us on "this range. 
This meeting has been oik of the most enjoyable I have ever 
atten<led. I think we have never had a greater number pres- 
ent than we have at this meeting. I should hesitate some- 
what alxmt accepting the responsibility, or the honor, if it 
were not for the fact that I know the members of the Insti- 
tute stand so loyally by the President, and that they do every- 
thing in their power to make their meetings successful. I 
also know that I have some friends on the Marquette Range, 
members of Che Institute, who will do everything in their 
IK>wer to make the meeting successful. I thank you for the 
hmior. 

The Committee on Resolutions presented the following 
reiK>rt which was on motion adoi>ted : 

Whereas, The Virginia Club, Elks Club of Virginia, 
.\lgonquin Club of HiM>ing, the Commercial CIul>s of Du- 
luth, and the entire Missabe Range have extended to this 
organization the facilities, conveniences, and what is much 
more, the greatest jiossible hospitality; 

And Whereas, Many of our friends and associates have 
ccntributed most kindly the use of their automobiles for our 
comfort and pleasure; 

And Whereas, Many of the church societies, other or- 
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jjanizations and hotels, have given to us most plenteously 
of their fixjtl and good clieer; 

And Whereas, The Diihitli Commercial Club contribute<r 
greatly to our enjoyment in the visit to the Minnesota Steel 
Plant by boat ; 

And Whereas, The Dtihith. Missal)e and Nortliem Rail- , 
way. the Duluth and Iroii Range Railway, and the Great 
\i rthem Railway, and the Mining Companies, have made 
this trip iKssible through the use of their tracks and Ioc(.>- 
molives; 

Now Therefor, Be it resolved by the Lake Suiierior Min- 
ing Institute, and i;articularly by those meni1>ers attending the 
1913 meeting, they being well-fed, well-cared for, and widely 
travelled, that they extend to each and all of the above men- 
titine<l persons, individually and collectively, their sincere and 
hearty thanks. 

J. H. IlEARDING, 

G. H, ABEEL. 

VV. H. JOHNSTON. 

Committee. 

This ci-ncluded (he Imsitwss sessions of the Eighteenth 
.\nniial meeting. The splendid list of ]>a|)ers prepare<l by 
the members will make this volume one of the most interest- 
ing yet published. Tlie authors are fully entitled to the ai>- 
prec-ati<«i .so freely expressed by the memljers for their ef- 
forts in contributing to the interest of the nieeling. 

Before the adjournment was taken the acting President 
announced that Mr. Selienius wi>uld present some mo\'ing 
pictures of the various features connected with mining on the 
Missatw range. These consisted in views of the first steps 
in breaking roads and establishing diamond drilling, mining 
(>]KTations, kfading and hauling ore to the di>cks and l(Xi<ling 
same into boats. ,\I.s<> the complete o|)eration of getting out 
the timber used by mines, running logs and delivering same 
to the mines. This feature of the meeting was novel and most 
interesting. 
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REPORT OF COMMITTEE ON THE PRACTICE FOR 
THE PREVENTION OF ACCIDENTS. 

The Committee on the Practice for the Prevention of Ac- 
cidents met in Isli])eming on March 26th, 1913, and the fol- 
lowing memljers were present: J. E. JopHng, Ishpeming, 
Chairman; C. E. Lawrence, Iron Monntain; D. E. Sutherland. 
Ironwood, A. M. Gdw, Diiluth. 

After duly considering the subject and discussing the vari- 
ous suggestions which were made by meml)ers of the Com- 
ittce, the following resolutions were adopte<l: 

Uniform Mining Rules — It is thought advisable to collect 
information of mining rules used in the Lake Superior mining 
district and to compare the same with those published in the 
report to the American Mining Congress, American Institute 
of Mining Engineers and the Mining & Metallurgical Society 
of America by the Committee on Uniform Mining Laws for 
Prevention of Mine Accidents, October. 1910, and the pro- 
pcsed form now l»eing prepared by the Bureau of Mines; also 
that a comiietent |>ersou or persons should l>e employed tin<ler 
the direction of the Committee to draft a set of rules to l>e 
presented to the Lake Sajwrior Mining Institute as a pro]K)sed 
standard for mines in the Lake Superior district. 

Uniform Reports of Comity Mine Inspectors — It is sug- 
gested that the reiwirts of the County Mine Inspectors of Mich- 
igan, Wisconsin and Minnesota Ije standardize<l; that the re- 
ports should cover the calendar year, and that they should in- 
clude fatal and serious accidents of all mine employes wheth- 
er surface or underground. In the judgment of the Com- 
mittee these accidents should be classified according to a uni- 
form system and recorded upon a uniform blank. 
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Classification of Accidents — It is recommended that inves- 
tigations be made leading to a uniform classification of acci- 
dents for mines in the Lake Superior district. 

Reports as to Carrying Out Safety Rules — The Committee 
recommends the collection of blank forms used for reports to 
show the carrying out of safety rules adopted, these blank 
forms to be only such as are used by employes in various de- 
partments of the mining companies for their information. 

Contagious Diseases — It is the sense of this Cc«nmittee that 
more definite action should be taken in the matter of con- 
tagious diseases in the different localities, in the form of a rigid 
quarantine to be established by the health officer. 

Physical E.vamin..tion of Employes — Investigations should 
l>e made to find out what is being done in the matter of physicai 
examination of employes by employers of labor. 

Publicity of Mining Rules — It is recommended that sug- 
gestions be niade as to the dissemination of the Rules for the 
Prevention of Accidents among employes. 

Mine Rescue Car — It is recommended that the Bureau of 
Mines be requested to send mine rescue car No. 8 to the Me- 
sabi Range at the time of the meeting of the Institute. 

It is re(|uested that the Council comment on the alx>ve reso- 
lutions, stating whether an appropriation will be made to car- 
ry out any of the investigations enumerated above. 

The resignation of Mr. Edward Koepel of Beacon HiJI, 
Michigan, was submitted to the Committee. The Committee 
offers this resignation and suggests Ihat Mr. \V. H. Schacht 
of Painesdale, Michigan, be appointed in his place. 



The Committee met for the second time in Islipeming on 
July 22ud, 1913. and the following members were present : J. 
!•". Jopling. Ish|»eming, Chainnan; C. E. Lawrence, Palafka; 
A. M. (low, Duluth; W. H. Schacht, Painesdale. 

In resj»)nse to a re(|uest to Mr. H. M. Wilson of the 
Bureau of Mines, Pittsburg, for consultation at this meet- 
ing, he sent Mr- Edwin Higgins, District Engineer, United 
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States Bureau of Mines, who was present and gave much val- 
uable assistance and information. 

The resohitions adopted at the former meeting were fiir- 
tlier discussed, Mr. Gow had prepared a series of fifteen 
charts showing in parallel columns the mining rules adopted 
by The Cleveiand-CIifFs Iron Company. The Inland Steel 
Company, Pickands, Mather & Company, and the Oliver Iron 
Mining Co. These fifteen classifications are as follows: 

1. Locomotives. Steam Shovels and Cars. 

2. Boilers and Boiler Houses. 

3. Engine Rooms, Engine Hoists and Signals. 

4. Shops, Tools and Machines. 

5. Buildings, Headframes and Structures. 

6. 0|>en Pits. Tracks, Roads and Test Pits. 

7. Standard Signs and Danger Signals. 

8. Cages, Skips, Buckets, Ropes, Cables, Hooks, Chains 
an{l Sheaves. 

9. Shafts, Ladderways, Ladders and Pump Stations. 

10. Underground Mining, Timbering and Tramming. 

11. Explosives. 

12. General Safety Rules and Admonitions. 

13. Electrical Rules and Regulations. 

14. Medical and Sanitary. 

15. Fire Protection and Precautions. 

In the printed rules of the different mining companies 
referred to there is the widest divergence in classification, in 
nunTl}er of rules IwarJng uix>n a particular subject and in the 
emphasis placed uiK)n them. Your Committee has therefore 
found it impossible to frame a cofle of safety rules to present 
at the meeting of the Institute for adoption. A committee 
of mining engineers consisting of Messrs. Ingalls. Channing. 
Douglas, Finlay and Hammond, framed a proposed code. 
We would recommend that the Lake Superior Mining Insti- 
tute appoint a similar committee of operating officials from 
the co]>|»r and iron ranges who shall make a rqwrt at the 
next meeting of the Institute as to the desirability of a uni- 



.oogle 



34 REPORT ON PREVENTION OF ACCIDENTS 

fomi code, and shall i>resent such a (tode for discussion at 

that time. 

We deem it desirable that the safety rules to Iw adopted 
shniil<l lie based iiih»ii some classification. We consider it ad- 
visable that such a classification should conform to that 
adopted by the United States Bureau of Mines in collecting 
statistics of metal mining accidents. This classification ajj- 
[xiars to us to l)e thoroughly practical and inasmuch as tlie 
mining companies are ret|uired to reixirt to this <le|>artment 
all accidents in accordance with this classification, we see 
every reason why we should adopt it for our own reports. 

Presented herewith is a copy of the Bureau of Mines class- 
ification. Such an arrangement will simplify to a great extent 
the making i:f rqwrts to the government by the mining com- 
i;-anies. 

Owing to the desirability of having uniform reports made 
by mining comi>anies and by county mine inspectors, it is rcc- 
(xnniended tliat the aljove fonii of report, except in relation to 
minor accidents, be adopted by county mine inspectors, thus 
making tlieir reports uniform witli that called for by the 
I'ureau of Mines, 

In view of the fact tliat some county mine inspectors re- 
port imly on underground accidents while others reixirt on lx)th 
surface and underground accidents, complications have arisen 
in the i>ast in comjjaring the accident rei>orts of the various 
districts. To improve this condition we recommend that all 
county mine insi>ectors make their rejwrts covering both sur- 
face and underground. The word "surface" is here meant to 
include all ojwrations having lo do with the actual operation 
of the mine, excluding all those which are at present covered 
by factory or mill inspection. 

From such information as we are able to obtain we are 
satisfied that the installation of safety devices and appliances, 
such as guards, toe-lx)ards, hand rails, etc.. is the smaller part 
of the safety movement. We ])elieve that efficiency in safety 
can only be attained by education and constant agitation of 
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tlic subject and the hearty co-operation of the employes with 
the niaiiagenicnt. The management, in every case, should 
sh<nv its willingness to do its part in the iniitallation of guards 
and appliances, but the most efficient work in the cause of 
safety must be done by methods which will constantly keep 
before the mind of every employe the fact that upon him rests 
an individual and i)ersona! responsibility. To put it another 
way, the problem is a psychological and not a mechanical one. 
We theref(,re urge that in addition to the installation of guards 
and appliances that consideration be given to those means 
and methods, other than mechanical, which will secure the 
co-oi>eration of the employes in and about the mines. 

Your Committee gave consideration to the question of the 
physical examination of employes and while we believe that 
gotid results might \ye obtained from such procedure, we are 
not, at this time, prepared to make any definite recommenda- 
tions whatsoever. 

CLASSIFICATION OF ACCIDENTS IN METAL MINES ACCORDING 

TO THE UNITED STATES BUREAU OF MINES. 
Sub-Dlvlded Under Following Caption — 
KILLED. 
SERIOUSLY INJURED. (Broken arm. leg. rlba. or other :njury 

Involving loss of 20 or more days' work,) 
SLIGHTLY INJURED. (Injury involving Iobs of more than 1 
day'a work, but less than 20.) 
Underground 

1. By fall ot rock or ore from roof or wall. 

2. By rock or ore while loading at working facf. 
:{. By timber or hand tools. 

4. By explosives ('ncliides iiremature blestB, explosion of misfires, 

flying pieces from blasts, suffocation by gases from blasts. 

5. By haulage accidents (by mine cars, mine locomotives, breakage 

of rope, etc.) 

6. Dy falling down chute, winze, raise, or stope. 

7. By run of ore from chute or pocket. 

8. By drilling accidents (by machine or hand drills.) 

9. By electricity (shock or burn.)f 

10. By machinery (pumgis. hoisting and haulage machinery, etc., not 
including locomotives or drills.) 
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11. By mine Qres. 

12. By suftocatlon trom natural g&Bes. 

13. By Inrufib of water. 

14. By stepping on na'.l. 

15. Br other causes. (Please list, showing causes.) 
Total number killed or Injured underground. 

Shaft Accldenta 
IG. By falling down shafts, 
IT. By objects falling down ahafta. 
IS. By breaking of cables. 

19. By overwinding. 

20. By skip or cage. 

21. By other causes. (Please list, showng causes.) 
Total number killed or injured by shaft accidents. 

Surface Accidents* 
(Where surface mining Is not performed.) 

22. By mine cars or mine locomotives. 

23. By railway cars and locomotives. 

24. By run or tall of ore In or from ore bins. 

25. By falls of persons. 
2G. By stepping on nail. 

27. By hand tools, axes, bars, etc. 

28. By e lee trie Ity.f 

29. By machinery. 

30. By other causes. (Please list, showing causes.) 
Total number killed or Injured by surface accidents. 

Surface Accidents* 
(Where surface mining Is performed.) 

31. By fails or slides of rock or ore. 

32. By explosives (Including premature blasts, explosion of 1 

fires, flying pieces from blasts, etc.) 

33. By haulage accidents (by cars, locomotives, etc.) 

34. By steam shovels. 

35. By falls of persons. 

3S. By falls of derricks, booms, etc, 

37. By run or fall of ore In or from ore bins. 

'Sfi. By machinery (other than locomotives or steam sboveis.) 

39. By electrlclly.f 

At). By hand tools. 

41. By other causes. (Please list, showing causes.) 

Total number killed or Injured by surface accidents. 

Grand total. 
'Does not include accidents In ore dressing, 
fplease state the voltage of current. 
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SANITATION FOR MINE LOCATION'S. 

BY W. H. MOLLTON, ISHPEMING, MICH.* 

Saiiitalioii is the practical application of knowledge and 
science to tlie preservation of health. There is no one thing 
that iiiore directly affects the successful operation of our mines 
ijiaii the hcallh and well being of the men, and we are now 
coming to realize that it is a practical as well as a scientific 
maiter. '!'be value of sanitation is being recognized totlay in 
al! Lranclies of industry as well as in its effect upon a com- 
uninity as a whole. Our higher etiucational institutions have 
regular courses in this subject and men are graduated in this 
branch of engineering. 

It is undoubtedly true, that the better living conditions 
and Iwtter physinal health make for more satisfactory service. 
The health of the men may be con.served in many ways which 
are of practical application around our mines. Much has al- 
ready been accomplished and due credit should be given to 
the many companies who have given si>ecial consideration to 
the health of its men. 

The old wonden dry, of a comiwratively few years ago. is 
n,)w l«;ing replaced by the nKKlem one with ample hot and 
cold water, individual basins or buckets, lockers for the street 
and mine clothes, and drying and ventilating systems which ef- 
fectually take care (►f the wet clothing of the miner. The 
plan of susi)ending the wet clothes by means of a rope or 
chain, with individual lock, has nnicli to commend it. The 
shower bath, which is a part of ail the modern drys. has 
made it jjossible for the men to Ixithe who have not the proi)er 
facilitie-i at lumie. Their constant use has demc-nstrated their 
value, 
•Secretary Pension Department, The Cleveland-Cliffs Iron Co. 
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Tlie introduction of water closets in the drys iias not al- 
ways met with complete success, but in the piajority of cases 
it is working very advantageously and improving the under- 
ground conditions. 

Dry closets should be placed in every main level and they 
should be provided in proijortion of one to every twenty-five 
men. These closets should be made of wood or iron of a 
size to be conveniently handled by two men. They should be 
tnken to the surface and washed out with the hose when emp- 
(ie<r Lime should be kept convenient to the boxes and used 
regularly. There is no more fruitful source of disease than 
the human excreta left in the mine workings. 

The water that the men drink should have the most care- 
ful attention and under no circumstances should the men be 
l>ermitted to drink water that is not known to be pure. This 
can only be made possible by furnishing good water so that 
the men can readily obtain it. The plan of the Oliver Iron 
Mining Company in providing bubbling fountains, thus doing 
away with the old dirty drinking cup, is also to be highly 
conimentled. 

Anything that will lessen those diseases frequent among 
our miners such as tuberculosis, typhoid, and other contagious 
or communicable diseases, should be carefully considered. 
There should be a more rigid quarantine in cases of con- 
tagious diseases, an<l it is desirable thai the minmg comjwnies 
CO, -ijerate mi -re fully with the health officers and that such reg- 
ulations be made and enforced that our unenviable record in 
contagious diseases, especially in diphtheria and scarlet fever 
timy be greatly inipro\-ed ujwn. 

Owing to the relation that the physicians l)ear to the mining 
companies, they may hesitate to suggest things which might 
apiwar as criticism of existing conditions or methods of mine 
management, and should therefore l>e given full authority to 
C( rrcct undesirable conditions. I l)elievc we would get bet- 
ter results in this matter of sanitation by employing the physi- 
cians, at a stated added remuneration, to make periodical in- 
spection of the entire properties. 
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Proper ventilation should be provided in all of oiir mines 
which would add to the efficiency of the men and incidentally 
prolong their lives. Tuberculosis and similar diseases would 
be less prevalent. 

The sanitary condition of the home has a great influence 
on the lives of the men. What can reasonably be expected of 
a man living in unhealthful surroundings? 

I believe that there is a duty that the mining companies 
owe to men employed by them and the ccMtimunity in which 
they live. One of the most efficient ways of fulfilling this ob- 
ligation is in providing satisfactory homes, with healthful sur- 
roundings for the men and their families. Any work of this 
kind must be wisely done and in such a way that the men 
will be led to cooperate in it so that there will be no sug- 
gestion of patematism in its methods or manner of inforce- 
ment. The importance of providing houses for rental is gen- 
erally recognized but after the house is provided it is just as 
essential that its condition be not neglected. We ha\e seen 
houses with no provision for waste water, which must be 
thrown out upon the ground. The only good things that 
may be said of this is that it usually provides a good place for 
the propagation of fish worms, but it also assists in the propa- 
gation of other less desirable things. 

The old boxed-in cu];^x>ard sink may yet be found wJiich 
is a place for refuse and vemiin, and is so frequently a rotten. 
dirty, slimy hole. If there are such, let them be torn out. 

The drainage around our houses and other properties re- 
quires carefuC attention. Ditches should be dug and kept open 
even if the boys fill them up, and no stagnant water left to 
breed mostjuiloes and infection. 

Garbage and refuse should be deposited in covered re- 
ceptacles, preferably gah-anized iron cans, and where such 
services are not rendered by the city or village, the companies 
shouhl provide for its regidar collection and disposal not less 
frecjuent than once each week. It has been found feasible in 
some places to have the occui>ants of the premises purchase 
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the cans, which are supplied at wholesale rates, or through the 
cc-'iiipany at cost, with the understanding- that proper collection 
is assured. Rubbish should not be dumped around promis- 
cuously but deposited in a designated place, collected, and dis- 
posed of. Few of the men have time or facilities for eco- 
nomically doing this and if not looked after by the city or the 
company, it will not be taken care of at all satisfactorily. A 
refuse burner, costing very little, can be so located as to make 
the disposal of rubbish a simple matter and comparatively an 
inexpensive one. 

It is desirable in many cases to permit the keeping of a cow 
or horse but provision should be made for the care of the 
manure. It should not be allowed to accumulate from month 
to month but should be removed promptly. It also should be 
treated with chloride of lime, or with a kerosene carbolic acid 
mi.\ture. 

The companies should encourage the Ijeautifying of home 
surroundings but it is even more important to see that the san- 
itary conditions are what they should be. In those localities 
having no sewer connections, the question of out-houses is a 
serious matter. Too often the out-house is set on the ground 
with no proi>er receptacle for the human excreta which often 
spreads over the ground, even. if a pit is dug. This is fre- 
quently allowed to collect throughout the season thus becom- 
ing a menace to the family. Often the houses are more or 
less open; vermin enters without hindrance; the ever-present 
disease-carrying fly freely finds access, goes from there to the 
house, feeds on the baby, and has even been known to be on 
the household foonl. We have just begun to ai>]jreciate the 
danger from these i>ests. Tiie companies which have already 
set us an example in their campaign against the fly should 
be congratulated, and it should also stimulate the rest of us 
to make an ecjual effort. These out-houses should be pro- 
vided with a pro])er receptacle which should be emptied at reg- 
ular and not too separate intervals, and properly cleaned. 
Either earth, slaked lime or chloride of lime should be con- 
stantly used. 
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Much good can be accomplished by the teaching of sani- 
tation in the public and parochial schools. Some of us may 
be too old to take kindly to the need of. sanitary precautions 
biit it is not too much to expect that the young may be taught 
to look on these matters as important and to a considerable 
degree help to improve conditions. 

The value of the physical inspection of school children is 
only just beginning to be appreciated. It should be in effect 
in all of our communities. It is a health precaution of great 
merit. 

The most efficient agency in extending the benefit of this 
work of sanitation is the Visiting or Public Health Nurse. 
A mimljer of mining companies in the Lake Superior region 
have already introduced this service with much success. No 
other person can have the same opportunity of reaching the 
homes and the members of the families and assisting in the 
understanding of the benefits to be derived from fresh air, 
cleanliness and other sanitary precautions. The importance of 
fresh air cannot be emphasized too strongly. 

The advantage of all this is a better home life, the preven- 
tion of serious contagion, and the men in better condition for 
work. Anything that tends to the more regular work of the 
men is well worth consideration. 

The mining ccMTipanies of the Lake Superior region are 
to be commended for the work that has been done for the 
men, their families, and the communities in which their op- 
erations are conducted, but with this commendation must come 
the realization that there is still much to be accomplished. This 
can best be <lone by makng some one person directly respon- 
sible for the execution of the plans and methods of sanitation 
authorized by the mine manager. 
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WINONA STAMP-MILL.* 

BY R. R. SEEBER, WINONA, MICH. 

From October, 1906, to November, 1907, the Winona 
mine shipped rock from one shaft to the Adventure stamp- 
mill. This rock showed a total copper content of about twen- 
ty pounds per ton stamped. A large part of the contained 
copper was fine or flaky, making- extraction very difficult. 



Only a trifle over thirteen pounds per ton stamped was re- 
covered during this period. With such a low grade ore, it was 
oln-iously necessary to practice every economy if a profit was 
'WlQona Copper Company, Winona, Michigan. 
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to be obtained. The transportation cost per ton stamped was 
17.5 cents during this period, or considerably over one cent 
per pound on the copper obtained. If 3 stamp-mill were to 
be built on the mine location without otherwise increasing f^- 
erating expenses evidently a large proportion of this expense 
might be eliminated. 

There are two principal reasons for the location of stamp- 
mills away from the mine, namely: To provide ample wa- 
ter for washing and to provide room for disposal of tailings. 
To meet the water requirement, with the mill on the mine 
at Winona, a dam across the Sleeping river was necessary. 
For a two-head mill it would also be necessary to use at least 
50 per cent of the water over and over as the stream flow is 
only alxrtit 3,000,000 gals, per 24 hours. 

To meet the sand room requirements, some <le-watering 
device and saud-stacking equipment would be necessary. 

After considerable study it was decided that these re- 
quirements could be met without prohibitive first cost or 
undue operating exi^ense and work on a two-^head mill was 
begun May 22d, 1909. 

The location chosen was a hillside between No. 4 shaft, 
Winona, and No. i shaft, King Philip. On the line of the 
stamp hea<ls pipes were driven which, when stopped, indicat- 
ed a layer of hard material at a depth of 40 feet below the 
intended plane of the stamp base. On this material the con- 
crete foundation of each stamp head was expected to rest. 
This foundation is cylindrical. A steel caisson, 15 ft. in 
diameter, was weighted with a concrete ring 3 ft. thick and 
sunk as a drop shaft. When the expected layer of hard ma- 
terial was reached it was found to be thin and to be under- 
lain by at least 80 ft. of sand, some of which was wet. Sink- 
ing was therefore continued until a sufficiently hard layer of 
material was encountered at alx>ut 55 ft. below the intended 
plane of the stamp Ijase. The CT>ncrete ring was blocked up 
and a niushrtwm f(X)t of concrete built in, as shown in the 
drawing. Fig. 3. The top 7 ft. of the caisson and concrete 
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foimdalion was made 22 ft. in diameter in order to accom- 
modate the 16-ft. square base for the head casting. The 
casting.s itelow the rock (from mortar down) weigh aixmt 80 
liJiis. The total weight of the stamp is about 115 tons. When 
sinking the 15-ft. caisson it was found that 43 ft. of concrete 
ring would l>e held up by the friction of the sand against the 
ouler surface of the steel shell. Including the 7 feet of 22-ft. 
ring, this skin friction would care for at least 400 tons of 
t()tal weight of about 1.050 tons to be supported, (935 tons 
foundation ; 1 15 tons stamp), leaving 650 tons to be supported 
on tlie sand under the 20-ft. ring, 203 square ft. and the 
20-ft. diameter base (314 square ft.) or a load of a little over 
1.25 tons iier square ft. on the total area of 517 square ft. 

Velocity cards of the stamps show a blow of from 24 lo 
33-ft. tons. This is i>artly absorlied in crushing rock. As 
a foundation to assist in absorbing the balance there are sui>- 
plicd f^o tons of cast iron and 930 tons of concrete. After 
two years of use, no settling of foundations is in evidence and 
I am inclined to the lielief that the foundations are much 
larger than is necessary. The concrete for all purposes was 
supplied from a central mixing station using a Smith mixer 
of one-half yd. capacity. Sand and crushed rock were dumped 
from a tem|!orary track and trestle into temiwrary bins alwve 
the mixer. Rock was first run into the hopjier up to a mark. 
then sand. Cement from sacks was emptied on toji and the 
charge dumi>cd into the mixer. The mixed charge was emptied 
into tw(vwheeled, steel -concrete buggies, wheeled over nm- 
ways and dum[>ed Into the fornis. Two of the steel rock 
l.ins were used for storing sand and rock for floors and other 
concrete w<irk, placed after the erection of most of the steel. 

Foundation walls were all of concrete, of a l :3:5 mixture; 
all walls stand on dry, bard sand. The bin foundation walls 
were separated from the stamp foundations by tarred paper in 
order that any settling of the latter need not disturb the build- 
ing foundations. The ixrtagonal foundations for the rock 
bins were tied together, to a certain extent, by old wire cable. 
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The detailetl construction of the concrete settling tanks is 
l)est shown in Photo "B," and drawings, Figs. 4 and 5. Un- 
der the slime department floors eight tanks were built for set- 
tling the slimes and decanting the dirty water, to be re-used 
in the mill. ' These tanks are 46 ft. long by 24 ft. wide, and 



14 ft. deep. The walls are 14 to 24 in. thick and are rein- 
forced by vertical iron rods three-quarter in. in diameter, l)ent 
at the bottoms to make Ihe joint into the floor. 

It was very diflicult to place and tamp the concrete alxrtit 
these rods, but the walls when completed showed biu a few 
small leaks which were easily stopijed and gi\e no trouble in 
operation. 
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The steei structure was made and erected by the Wisconsin 
Bridge & Iron Company. In general arrangement, it is the 
same as the usual copper country mill. Circular steel rock 
bins are used, two supplying each head, the openings being nm 
together high up the sides thus allowing a large proportion 
of the contents to run out freely. The storage capacity of four 
l:ins is alx:ut 525 tons, or sufficient to last over night. 

Instead of a trolley beam over the stamps a light crane 
beam was installed. This has proved very convenient in o]>- 




craling as well as during erection. This crane also haiulles 
all roll parts, etc. 

Over the slime department, at right angles to the line of 
the stamps, it was im])o,ssiIjle to get in the nsual step fonii of 
roof in a manner to allow sutficient light. Skylights of wire- 
glass were therefore tried and have proved satisfactory al- 
though snow sometimes accumulates over them. The roof is 
the usual fonn of matched flooring but is covered with Crtxiks' 
4-ply asbe.stos roofing, in sheets about 3 ft. by 7 ft. During 
the first winter much trouble was exi>erienced with ice on 
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the eaves. As snow melts over tlie main body of the wann 
roofs the water nins clown until it strikes the eaves, which 
are cold. It there freezes and makes a dam of ice which backs 
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tlie water up until it rtiiis through some opening or freezes and 
adds to the ice already fonned. Immense icicles were some- 
times formed down the sides of the building to the ground. 
This trouble has been entirely overcome by building wooden 
dams just back of the hue of the eaves on each step of roof. 
These dams slope to holes in the roof leading to a piping sys- 
tem inside the mill which carries off the water. The warm 
air from the interior keeps these pipes free from ice, and as 
fast as snow melts it runs off the, roof. This scheme was 
copied from a similar one at the Calumet & Hecla mills but 
I have seen no description of it in print. 

The main slime department floor over the top of the set- 
tling tanks is made of concrete reinforced with triangle-mesh 
wire. The outside walls of the building are fonned by a 
thick coat of cement plaster on a chicken-wire reinforcement. 
The inside face of the wall is made in the same manner, which 
leaves a good air space in the wall. The monar is made of 
cement, sand, and a liltle lime. A detailed sketch is shown 
in Figs. 8 and g. 

The bins for storing mineral are in the bottom of the mill, 
o\'er a spur from the railroad. They are made of steel and 
iiave I o compartments, each of 300 cu. ft. capacity. A narrow- 
gauge track runs along one side of the mill and across it, 
back of the jigs. Headings and No. 1 mineral from the jigs 
are emptied directly into cars running on this track. Settling 
bins for finer grades of mineral are situated above this track, 
on the head foundation level. .All the finer grades of mineral 
;ire pumped back to these bins from the various settling boxes 
of tables and jigs and excess water is allowed to drain off. 
When comparatively dry, this mineral is dumped into the 
mineral car, and trammed over a track scale at the lower 
end of the mill ami dumiwd into the bins over the railroad 
track. .'Ml mineral is shipjwd in steel mineral cars belonging 
to the Copper Range Railroa<l Company. 

kf^ugh tailings from the tails of the jigs are de-watered by 
a large wheel and fetl to a cross conveyor which discharges 
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over the main conveyor running the long way of the mill. 
This main conveyor ojierates within a steel bridge supported 
on three steel towers and, when dumping, reaches a niaximiim 
lieighth of 84 ft. above the track level at tlie bottom of the 
mill and 123 ft. above the ground. The conveyor is of the 
usual Rt>bins type with troughing idlers on a 30 degree angle. 
The belt is balata, 20 in. wide. It has been in operation since 
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March, 1911, and apparently has a long time yet to run be- 
fore needing rei)lacement. The conveyor is inclined i)^ in. 
per ft., or 8 deg. 18 min. 

A slime launder of steel extends 1,200 ft. below the mill. 
This has a semi-circular bottom, with straight sides. We are 
now, (March, 1913) putting in the first steel liners. The 
wear is only around the rivet heads where eddy-currents are 
set up. This launder slopes J4 of an in. to the ft. and carries 
all the slime material. It empties into a ravine which joins 
the main river at a distance of about a mile and a half from 
the mill but on land belonging to the Winona Copijer Com- 
pany. If necessary, at any time in the future, a dam could 
be built across the river at this point and water pumped back 
to the mill. 

A circular steel bin that can liold about four cars of coarse 
sand is situated over the track to the mineral bin. This can 
l)e filled from a separate l>elt conveyor parallel to the main 
conveyor and, during the summer months, much of the coarse 
sand is sold for concrete work and for railroad t>allast. 

The main trestle to the rock bins is used as a coal trestle. 
The coal plat is 30 ft. below the base of the rail. The floor 
is of concrete, alxjut 4 in. thick. The usual coal adit under 
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' the main trestle is also made from concrete. The storage ca- 
pacity of the plat is about 6,000 tons. The trestle is of steel. 
The coal adit enters the boiler liouse at the same elevation as 
llie ash adit in front of the boilers. An electric elevator ele- 
vates the car with ashes to an ash trestle and the car with 
coal to a trestle 8 ft. above the floor and running parallel to 
the boiler front. The coal supply is dumped on the floor and 
the boilers are fired by hand. The stack is of steel, brick 
lined. It is 150 ft. high and 6 ft, in diameter. The boilers 
were made by Parker, of Philadelphia. They are three in 
number, each 268 horsepower and are set in brick. They 
are equipped with Andrews' shaking grates, draft regulators 
and feetlwater regulators. 

The assay office is near the railroad at the bottom of the 
mill. It is supplied with the usual equi|jnient for both fire 
and electrolytic assaying. A motor generator supplies the 
storage batteries for electrolytic work. A Tirrill gasolene gas 
plant supplies the gas. 

A dam for tlif main water supply of the mill is situated on 
the Sleeping river, about 3.900 ft. from the mill. It is 440 
ft. long and 27 ft. high. The width of the bank on top is 15 
ft. The slope on the water side is 2 lo r and on the down 
stream side is 2>^ to i. The spillway is 7 ft. wide and 8 
ft. deep from the top of the concrete core \vall. With all 
Hash lx)ards out of the spillway, the storage capacity of the 
dam is about 77,000,000 gals. Its volume is just about dou- 
bled by 5 fl. of flash boards. The core wall of the dam is con- 
crete, 12 in. thick at the top and as much as 6 ft. at the very 
Ixjttom. The sand fill was made mostly by the hydraulic pro- 
cess, a pump on the stream supplying water for washing sand 
from the banks. Both slopes are riprapi^ed with coarse rock 
from the mine. A sheet steel intake 4 ft. square with a screen 
underneath, was first used but quickly Ijecame clogged with 
leaves, etc. -\ straight pij^e 18 in. in diameter, the periphery 
filled with i>^ in, holes and rising above the highwater level, 
was then tried. This has given no trouble beyond catching 
in the ice once as the water level dropped. 
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The main pump is situated in a compressor house on the 
river bank. The pump was made by the Laidlaw-Duiin-Gor- 
don Company. It has water cylinders iij4 by 24 in, and 
steani cylinders 12 and 25 by 24 in. stroke. The cooling 
water for condensation is furnished by the main suction of 
the pump. Water enters the suction under a head of 5 pounds. 
Steam pressure is 200 pounds. The pumping capacity, at 
67'-^ revolutions per minute, is 4,000,000 gals, per 24 hours. 



The pipe line connecting the pump to the surge tank on top 
of the stamp-mill is spiral-riveted double galvanized pipe, with 
bolted points and rubber gaskets. The pressure at the pump 
is 86 pounds per square in. with the pump running. We have 
ruptured several lengths of this pipe, the rupture cutting 
clear across the steel. This was probably due to flaws in 
the steel. The joints have not given trouble. The pipe is 
14 in. in diameter and 3,900 ft. long. The surge tank on top 
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of the mill supplies pressure for fire lines. All piping for the 
mill is direct from this tank. 

The steam stamps were made by the .'\llis-Chalmers Coin- 
pany. One is a simple stamp with a cyhnder 24 in. dia. by 
25 in. stroke and tlie other a compound with cylinders 16 and 
32 in. dia. by 25 in. stroke. Both stamps have piston valves 
and only two eccentrics. The high-pressure cylinder of the 
compound stamp is on top and is removed bodily by the crane, 
if necessary to inspect the low-pressure cylinder or the piston. 
The rolls are of the rigid type and were made by the Allis- 
Chalmers Company. Four trommels are used instead of two. 

The jigs are of the Woodbury system. One bull jig is used 
for the oversize and four four-compartment sets per head for 
the material through the trommels. Owing to the small per- 
centage of No. I copi>er (medium-sized pieces) contained in 
the Winona rock, these jigs do not seem well adapted to the 
purpose. They do make an excellent separation of slimes for 
table treatment and provide a middling feed for regrinding 
mills. The jigs are supported on iron brackets instead of the 
usual timber supports. This makes it easier to get under the 
machines for adjustment and repairs and for washing floors. 

The principal machine developed for the operation of this 
mill is the de-watering wheel. As it is necessary to re-use the 
water, the tailings had to be separated from it. The water 
carrying the tails of the jigs is comparatively free from slime 
so that it is kept separate as "clear water" and re-used as wash 
water. The first de-watering device tried consisted of a 
screen tacked on a cylindrical frame which revolved slowly. 
The tails were drawn through spigots onto the outside of this 
screen the water falling through and the coarse material go- 
ing over with the screen on to the cro.ss conveyor belt. This 
scheme was not satisfactory as the spigots required a great 
deal of attention, having a tendency to either clog or to run 
water as the feed varied. An 8-ft. wheel along the lines of 
the present wheel was then developed. This worked well but 
the i2-ft. diamet(;r wheel now used gives more room for 
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launders, etc., and lakes care of two heads. As shown by the 
<!rawing. Fig^. ii, the de-watering wheel consists of a sheet 
steel water-tight wheel with radial partitions along the peri- 
phery forming pockets in which the sand is caught and lifted 
out of the water and discharged at the top of the wheel over 
an apron on to the belt conveyor. The sand is run from 
settling tanks through spigots into the bottom of the wheel. 
The water overflowing from the wheel is carried to the set- 
tling tanks and re-used. 

The sand conveyor problem gave some little trouble be- 




fore it was satisfactorily solved. The first cross conveyor used 
delivered sand to a bucket elevator which persisted in clog- 
ging and otherwise causing trouble. This was removed and 
the cross conveyor curved up to deliver directly to the main 
conveyor. Some trouble was experienced with the belts get- 
ting out of line but this was gradually eliminated imtil the 
sand conveyor equipment now has no special attendant. .'Xs 
a large pile of sand was piled up around the last tower of the 
sand conveyor the ground began to bulge up around the edge 
of the pile. Settlement of the outside tower came with this 
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movement and finally caused shearing of rivets on tlie upiwr 
side of the conveyor bridge over the middle tower. These 
rivets were then cut out and bolts in slots substituted. A pin 
joint was placed in the bottom of the truss. This allowed 
for about 2 ft. of settlement in the outer tower. The settling 
continued until it became necessary to cut the conveyor house 
free from the outside tower. The conveyor bridge is now 
supported at the far end on blocking and jacks from the steel 
of the tower embedded in the san<lpile. If settlement con- 
tinues, the conveyor bridge will be jacked up to keep pace. 
As the sand accumulates the conveyor will be extended and 




supix)rte(l on the sand. .Xs regrindiiig increases the amount 
of coarse sand to lie slacke<l will dccrea.se. 

Milling was started wilh one 8 by 30 in. Hardinge conical 
mill. During 1912 two more were in.'Jtalled, one a 6-ft. by 
60-in. straight face and the other an 8-ft. by 18-in. straight 
face. For one jwriod of Jamiaiy, 1912, no mill was at work. 
I"or most of the first six months two mills were in operation 
and for the last six months three mills were in operation. 
During the year about 36,000 tons of material was reground. 
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This figiire is of course not exact but from several tests and 
records of time, etc., I feel sure that it is very nearly right. 
From the reground material 215,248 pounds of refined copper 
was produced. The grade of this mineral will average bet- 
ter than 50 per cent. The total cost of r^rinding during the 
year u'as $9,697.09 or 26.93 cents \xy ton reground, and 4.5 
cents per pound of copjier recovered. With electricity costing 
1.2 cents per k. w. hour, the power cost was $7,501.97 of the 
above total amount. Labor was $402.85 and supplies cost 
$1,792.27. Of the supplies, $1,235.^^0 was for 172,030 pounds 
of French pel:^les and $280.68 for 19,342 pounds of silex lin- 
ing. The balance was for oil and supplies incidental to repairs. 
The pebble loss figures nearly five i>ounds per ton reground 
as it includes the initial charge for two new mills. The pebble 
loss is now running a trifle under four pounds per ton re- 
ground, which is higher than usual in this district on account 
of the hardness of the rock, 

COSTS OF GRINDING 36,000 TONS. 

Total ^^' ^"^ Units per ton 

' Reground. Percent. Ground. 

Power 1.2c" per k. w. hr. .. .J7.501.97 20,84c 77.36 17.415 k. w. hra. 

Labor 402.85 1.12 4.15 

Supplies — 

.71S4C per lb. pebblea 1,235.S0 3.43 12.74 4.Tg lb. pebbles 

1.4512c per lb. lining 280,69 .77 2.90 .537 lb. lining 

Incidentals 275.78 .77 2.85 

(9,697.09 2G.930 100.00 

The 8-ft. diameter by 30-in. straight face mill has proved 
the most economical in power cost per ton ground and also has 
the largest capacity of any we have tried. We are now in- 
stalling three more 8-ft. mills which have a 36 in. straight 
face and we expect still greater cajxicity. These mills have 
Fatk's cut herringbone gears and there is only one speed re- 
duction, which will materially reduce the power cost. The 
first mill installed lias a silex lining but Ihe subsequent mills 
are lined on ihe straight face with pebbles set in grooves in 
steel plates. The conical faces are lined with silex blocks. 
Steel pebble linings have proved very satisfactory. A mill is 
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out of service at least four days to replace silex lining as the 
cement must be allowed to set. With a steel pebble lining, 
the mill can go into service again as soon as new plates are 
placed, a matter of hours only. So far, our experience shows 





Fis. 7. Flow Sheet oC One Mill Section Winona SUmp Mill 

that the steel i>ehble linings ire cheipest \11 our new mills 
will be equii>i)ed with the steel pebble linnif;-. cii the cones as 
well as the straight faces. The null is lighted at night, prin- 
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cipally, by loo candle power series Tungsten incandescent 
lamps on a 6.6 ampere constant current. These have been 
found satisfactory, the life of the lamps running alx>ve 2,000 
hours. 

A small lathe, drill press and power shear for cutting plate 
are the only power tools in the stamp mill as the mine shop 
is equipped for handling all other work. The delailed flow- 
sheet of water and material give, I believe, full information 
as to the manner of handling and method of operation. 

The water re-used in the mill is pumped back by two 
separate pumps, one for the dirty water and one for the clear 
water. These are both centrifugal pumps, direct connected 
to electric motors, the "clear" water pump having a capacity 
of 4,000,000 gallons and the "dirty" water pump a capacity 
of 3,000,000 gallons. Both are regulated to suit conditions 
by throttling of discharge. Sand from both the "clear" and 
"dirty" water is simply spigoted out of the bottom of the 
settling tanks while the pumi>s are drawing from the u^Jer 
part of these tanks. Following is a list of motors: 
Make. H.P. Voltage. Speed, Driving. 

A-C T5 2200 850 No. 1 HeadJigs, Shops & Gen. 

A-C 75 2200 850 No. 3 Head Jlga, Shops & Gen. 

A-C 50 2200 850 8'x30" Hardinge Mill. 

A-C 45 2200 835 8'xl8" Hardinge Mill. 

G-E 35 2200 850 S'xGO" Hardinge Mill. 

Westlngbouae ...50 2200 500 8'ii3C" Hardinge Mill. 
Westlnghouae ...50 2200 500 S'Jt.'iG" Hardinge Mill. 
Westlnghouse ...50 2200 500 8'it36" Hardinge Mill. 

G-E 35 2200 GOO JO" Centrifugal Pump. 

G-E 25 2200 GOO 8" Centrifugal Pump. 

A-C 30 2200 850 Two Sets of Rolls, 

A-C 30 2200 850 Sand Conveyor. 

AC 20 2200 1130 Tables and Pumps. 

AC 20 221. J 1130 Tables and Pumps. 

AC 20 2200 1130 Tables and Pumps. 

A-C 6 220 1200 Aah and Coal Elevator. 

G-E 3 220 1200 No. 1 Head Valve Gear. 

G-B 3 220 1200 No. 2 Head Valve Gear. 

Westingbouse ...5 220 1120 Tables. 

The Winona stamp-mill was built on the mine to reduce 
operating expenses per ton by reducing transportation charges. 
Seventeen and one-half cents per ton was cut out of the 
transiHJrtation charge and the following items were added: 
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Stacking Band l.ic p«r ton stamped 

Transportation on the mine 3.6o per ton stamped 

This still leaves an important net saving due to location of 
mill on the mine. The unit costs given are necessarily high 
<iue to the small tonnage handled, namely, 181,184 tons for 
the year 1912, The detail of these costs follows: 
Cost ot belt and conveyor Idlers, alwut |4,000 erected; life 40 

months: cost per montb IIOO.OO 

Power at tbe rate of 8 k. w. at 1,2c per k. w. hour GO.OO 

Attendance 10.00 

OIU, etc 10.00 

flSO.OO 
Or 1.2 cents per ton on 15,000 tons stamped. These will 
of conrse be reduced materially with increased tonnage han- 
dled. Of the power used, at least two-thirds is in friction. 

In addition, the following interest and depreciaticm chains 
might be listed against this operation : 
Cost of convenor bridge and towers, fully equipped with belt 

and machinery 112,000.00 

Interest at 6 per cent 720.00 

per cent depreciation on $S,000 ot this amount 400.00 

The depreciation of the other $4,000 is already accounted 
for in the working cost. 

Pumping costs should not be increased over similar costs 
with a stamp-mill on Lake Superior as while the water re- 
liandled is pumped with less efficient machinery the head 
against which it is pumped is very materially reduced. The 
pumping cost taken from our cost sheet for the year 1912 is 
2.3 cents per tmi stamped. This is materially higher than the 
usual figure on Lake Sui>erior, owing, principally, to the 
smaller tonnage stamped. 

There is undoubtedly considerable gained by the concen- 
tration of all operations at the mine. Some of this gain can- 
iKJt be expressed in cents per ton. During part of the month 
of March, 1913, railroad service in Houghton county was 
very much hindered by heavy stornis. Several of the mines 
were shut down temporarily and freight train service, at least, 
was cancelled for days at a time. Neither the Winona mine 
nor the mill was delayed on this account as our tracks are 
comparatively short and easily kept clear of snow. 
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SAFETY IN THE MINES OF THE LAKE SUPERIOR 
IRON RANGES. 

BY EDWIN HIGGINS, IRONWOOD, MICH.* 

It is not the purpose of this paper to go into a detailed dis- 
cussion of safety in mines, or to submit a set of rtiles that 
will eliminate accidents. No living man, whatever his occu- 
pation, is immune from accidental bodily injury. Accidents 
cannot be eliminated; they may, however, by the exercise of 
care and vigilance, be kept within certain reasonable limits. 

As a result of visits to many of the iron mines of the 
Lake Sujierior region, for the purpose of studying conditions 
and possibly learning something as to the causes of accidents, 
some impressions have been gathered that might be of inter- 
est. In this paper, certain existing conditions will be dis- 
cussed, and some suggestions offered, not in a spirit of criti- 
cism, but with a view to emphasizing some of the features 
of safety work. 

In general, interest in the work is high. A great deal of 
money is being spent in safety devices and other means look- 
ing to a reduction in the number of accidents. Except in a 
few cases, the mine officials are doing all in their piower to 
accomplish this end. The seed of "safety first," sowed some 
years ago on the iron ranges, has become firmly rooted. 

It seems natural in a discussion of safety to turn first to 
the causes of accidents, for the remedy of any evil lies in 
removing the cause. Few accidents may be charged to any one 
direct cause; most of them are due to a combination of cir- 
cumstances or conditions. For example, a man is hurt from 
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a fall of ground. The direct cause of the injury Iiere was 
tlie failing of a section of grounil. However, the falling of 
the ground might have Ijeen due to the faihire of the miner 
to pick down the back; the timbering might have been insuffi- 
cient or improperly placed ; possibly the miner was trying for 
"easy dirt" and was taking a chance; or the working place 
might not have been carefnlly inspected. In turn, any or all 
of these conditions might have been due, indirectly, to a de- 
mand for more ore prcxluction, either by the management or 
by an over-ambitious captain or shift boss. 

A man is crushed between a post and a motor or car. 
This accident might have been due to the fact that inlaying 
the track insufficient clearance was allowed for between the 
cars and the post ; or to the lack of a bell on the motor ; or 
to the carelessness or inexperience of either the motomian or 
miner who was hurt. 

In a broad sense it seems reasonable to assume that safety 
in and about the mines is closely related to and dependent uiwn 
Ihe following conditions and elements: 

Rapidity of production of ore. 

Labor conditions. 

Accident preventive measures and devices. 

Tlie Human element. 

Rapidity of Production of Ore. 

Forcing the production of more ore than can be supplied 
under normal working conditions doubtless tends to increase 
the nunilwr of accidents i>er man employed iu the mine. A 
comparison of accident and production records will show this 
to be true in many cases. When the working places are over- 
crowded with men and machinery and the mine equipment is 
l)eing worked beyond its capacity, there is a tendency for 
the work to go with a slam and a bang that allows litlle 
chance for anyone who Iiapi>ens to get in the way. 

The demand for over-production might come from the 
management or officials; or, as is often the case, it might 
result from the spirit of rivalry that exists between scHiie 
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captains or shift bosses. To a certain extent, the belief is 
still prevalent that a man's worth is' gaged by the amount of 
ore he produces. There are doubtless other causes that tend 
to spur the miner on in his work; the result in most cases is 
to make him less careful of his safety. The elimination of 
undue haste in all departments of mine work will tend to 
reduce accidents. 

Labor Conditions. 

A scarcity of labor means that there are a correspondingly 
smaller number of exjierienced men available. It follows 
that green men must be employed in the mines and that in- 
competent men must be kept at work When they should be 
discharged. Such conditions are productive of accidents. The 
green hand, being unfamiliar with his working place, machin- 
ery and tools, does not know what to do in an emergency. 
Usually he does the wrong thing and receives an injury. 

Where an entire district is effected by a shortage of labor 
it is practically impossible for any one operator to remedy 
permanently conditions at his property. He may secure men 
from outside of his district but this is expensive and is not 
a lasting or satisfactory remedy. 

Accident Preventive Measures and Devices. 

No attempt will be made to describe the many safety de- 
vices and methods in use. The subject of accident prevention 
will be discussed in a general way under the following heads; 

Machinery, Tools and Appliances. 

Timbering. 

General Conditions in and About the Mines. 

Handling of Explosives. 

Fire Prevention and Protection. 

Rules and Regulations. 

Inspection. 

Machinery, Tools and Appliances. 

Usually the master mechanic is held accountable for the 
condition of all machlnerj'. He must be certain at all times 
that his machlnerj' is in safe condition for use, and that all 
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exposed parts, such as fly wheels, belts, pulleys, etc., are so 
covered that men cannot be caught and injured by them. This 
apphes to underground as well as surface machinery, al- 
though the care of the underground machinery usually comes 
under a different man. Some companies make it a rule, where 
there is a choice, to avoid the use of machinery, devices ' r 
appliances that offer a chance of pinching or mangling tiie 
limbs of employes. In general, it was found that much has 
been done towards protecting men irom exposed parts of 
machinery. 

Hoists, especially those used for handling men, should be 
provided with an automatic cut-off to prevent overwinding. 
Cables should be carefully inspected at frequent intervals and 
the ends cut at stated periods. Cages for handling men should 
be provided with safety dogs and doors. Safety dogs should 
be tested at least once a month by dropping the cage; there 
are various well known methods of doing this. Although 
nearly every cage inspected on the iron ranges was equipped 
with safety dt^, it was found that less than 40 per cent of 
them were tested at regular intervals; many never had been 
tested. A safety dog is not safe unless it is known to be in 
perfect working order. 

Where electrical haulage is used underground, the as- 
sistant, or "swamper," on the motor is often injured by having 
his legs crushed or mangled. Accidents of this nature are 
due to the fact that no place is provided on the rear of the 
motor for the "swamper" to ride in safety. At one mine this 
class of accident became so common that motors were pro- 
vided with a place for the "swamper" to sit, so that his legs 
are protected the sanie as are those of the motorman on the 
front end. 

All electric feed wires should be well insulated and care- 
fully laid to prevent short circuiting. Trolley wires should 
have protection, especially at ore chutes. The common mode 
of protection is to provide, where the trolley passes in front 
of ore chutes, inverted troughs or launders of square or V- 
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sliajwd section ; or to secure, on each side of the trolley, round 
timbers from 5 to 8 in. in diameter. 

Telephones underground often play the part of a safety 
device. They should be installed in every mine. 
Timbering. 

From a safety standpoint, the proper timbering of work- 
ing places is of great importance. In most of the accidents 
happening from insecure or improperly-placed timbering, it 
has been found that the work has been done, or left undone, 
by an inexperienced man. The green man is most likely to 
overlook one of the first principles of proper timbering, 
viz: that of using sufficient blocking between the timber and 
the back. This has been the cause of a great many accidents. 
Under the head of improper timbering many conditions couM 
be referred to that may result in injury to the miner, but it 
seems unnecessary to go further into this subject. The remedy 
for such conditions, especially where green men must be em- 
ployed, is a closer inspection of all timbering. This remedy 
has brought forth good results in several instances known 
to the writer. , 

Another plan that has been adopted with good results is 
to limber every place where there appears to Jw the slightest 
chance of a fall. In one large mine a close study of accident 
re|x,'rts brought out the fact tliat falls of ground, resulting in 
injury, were occurring in rock drifts where it was thouglit that 
timber was entirely unnecessary. 

It is the rule in many of the mines for the captain or 
st>nieoiie else to either climb, or make a slow trip by cage, 
through the shaft at frequent intervals, closely inspecting 
guides and timljering. Such trips do not consume much time 
and should be made e\ery day. 

General Conditions 

Hamiling Men — In order to avoid accidents that might re- 
sult frtmi the sudden disability of the hoisting engineer, two 
men should be on the hoist when lowering men into or hoist- 
ing them out of the mine. 
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Miners are often hnrt by crowding too close to the shaft 
when coming on or going off shift. The usual effective meth- 
od of preventing accidents of this kind is to provide some 
kind of enclosure around the shaft collar and underground sta- 
tions, into which men may be admitted in limited numbers. 

Traveling IVays — Ever)- mine should be provided with at 
least two outlets with ladderways in good repair. If the dis- 
tance is not too great the men should be made to pass through 
the second outlet from time to time in order to familiarize 
them with the way. 

All traveling ways underground should be kept as clear 
of rubbish and old timl>er as possible. Timber with jagged 
edges or with nails protruding, powder and candle boxes, in 
short, trash of any kind, are sources of danger when allowed " 
to collect in traveling ways. A small piece of wood has been 
known to derail a motor or tranicar; men often are caught be- 
tween a derailed car and the timber. A man may trip over a 
slight obstruction, fall and receive a serious Injury. 

In repair work in haulage drifts, neither old or new tim- 
ber should be left laying or standing any longer than is ab- 
solutely necessary. Men have been crushed by motors and 
cars because the way was so full of obstructions that they 
coukl not escape. 

Protection of Open Places — Everj- place into which it is 
possible for a miner to fall should be protected in some man- 
ner. This refers to gates or fences for shaft collars and sta- 
tions, doors for manways, bars or fences for ore chutes, and 
fences for dangerous abandoned places. 

A\'here cribbed ore chutes are used, as in the soft ore 
mines, there seems to be a tendency, due to the weight of the 
ore in the chute and the working of the surrounding ground, 
for the cribbing to settle and become distorted. Under such 
conditions it is imp<irtant to keep the collar of the chute in 
repair. In the course of time the iron bars used to prevent 
men from failing into the chute will settle with the cril^ing. 
While bars four or five feet below the collar of the chute 
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may prevent serious falls, they are as mucli a source of dan- 
ger as they are a protection; a man falling upon them is liaWc 
to very serious injury. To remedy this condition, a special 
grating is used at one mine. It consists of i-in. square iron 
pieces riveted loose to angle-iron end pieces. The square iron 
pieces are placed 8 in. apart and the grill so formed is sup- 
ported to the chute collar l>y means of four round iron hooks, 
I ft. long, bolted to the angle-iron end pieces and passing over 
the top set of cribbing. In the end of the hook is a hole 
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thriRigh which a spike is driven to secure the lnx>k to the 
cribbing. The device always hangs i ft. below the top of 
the chute; it will adjust itself to any distortion of the crib- 
bing. This device is shown in an accompanying sketch. 

Open and dangerous places should be further protected by 
the use of ample lighting. This is simple on main levels where 
electric lamps are used. Great care should be used, however, 
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where it is necessary to employ some type of torch or other 
open light, esnecially if there is much timber in the immedi- 
ate vicinity. 

Laddcrways and Ladders — For shafts, ladders placed in 
an inclined (forward) position, with platforms, or sc^lars, not 
more than 24 ft. apart, are recognized as safer than the con- 
tinuous ladderway without platforms. Ladders should pro- 
ject at least 3 ft. above platforms, or there should be a hand 
hold of some description provided just above the platform. 

Ladders, wherever used, should be placed about 3 in. out 
from the opening in which they are hung, and should be 
securely fastened. The spacing between nmgs should be uni- 
form throughout and not more than 12 in. from center to 
center. Broken or badly bent rungs should be immediately 
replaced. Three types of rungs are in general use — round iron 
bars, wood, and iron pipe. Wood rungs present a better hold 
for both hand and foot. They are subject to rot or easy 
breakage from falling rock or other material, and hence .-irc 
not as serviceable as iron. Solid iron rungs are good, hnl 
when they are bent. esj)ccially in a wet mine, they make .'t 
easy ior the miner to slip. Rungs made from discarded i-in. 
iron pijje are cheap and effective; being larger, ihey present 
a better hand anil foot hold ihan the solid iron rung. For 
the protection of rungs, as well as human life, the tt^ of every 
ladderway shinild be kept clear of loose rock. Careful inspec- 
tion and repair of ladders will tend to reduce accidents from 
falls. . 

Tracks — Some imiwrtance is attacheti to the proper grad- 
ing of tracks, from a standpoint of econcsnical work, and be- 
cause pushing cars up too steep grades may be the cause of 
injuries in the nature of strains. In the haulage ways, es- 
])ecially in rounding curves, ample room should be provided 
for men to stand to avoid being crushe<l l>etwecn the car or 
motor and the timber. A great many accidents happen from 
this cause. 

Tracks should be kept clear of all rubbish, especially pieces 
of wood and rock. 
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Signs — Various kinds of signs are in use in many uf tlic 
mines. This is a subject that is wortliv of serious considera- 
tion. The most useful signs ajjpear to Ije the following: 
Something to call attention to places where explosives are 
stored; something to indicate dangerous places, such as aban- 
doned open slopes, places over which work is being done, etc. ; 
signs pointing the way to the different outlets of the mine. 
The latter should be more numerous where the vein is wide 
and the workings intricate. There is a great need of a uni- 
versal danger sign, something that by constant use will event- 
ually l>econie familiar to men of all nationalities. 
Handling of Explosives. 

For untlergronnd work it is the general practice to use 
various grades of dynamite, such as straight dynamite, and 
the low-freezing, ammonia, gelatin, and granular dynamites. 
Explosives are fired by means of fifse and detonator, except in 
shaft sinking, in which it is customary to use an electrical 
firing device. 

In nearly all cases the explosive is carried into the mine 
in the original l>ox, usually with the cover on, but in some 
cases with the cover removed. The best practice seems to I)e 
to remove the cover after the explosive is received under- 
ground, using a w<xxlen mallet and wedge for the purpose. 

Storage Underground — Explosives are stored under- 
ground either in a central magazine or in boxes kept near the 
working places. The chief factor in determining the best 
method of storage is the system of mining in use. Under dif- 
ferent conditions either methotl of storage may be best. In 
any event, no more than 48 hours' supply should be kept un- 
derground at any one time. 

Pow<ler houses should be removed from working places 
and traveling ways. Those cut out of the solid rock, support- 
ed where necessary by steel and concrete, are safest. Thev 
should be in charge of a powder man who shall deliver ex- 
plosives to the miner on written order only. In several mines 
the practice is followed of requiring the shift boss to make out 
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and sign the order for explosives. It is claimed that this meth- 
od is both economical and safe, as it prevents the miner or- 
dering too much explosive, at the same time eliminating the 
habit of leaving sticks of explosives lying around promis- 
cnously. The powder magazine should be electrically light- 
ed and no one should be allowed to enter with an open light 
of any kind. A good precaution is to place a fuse in the line 
leading to the powder magazine in order to prevent the ex- 
plosion of an incandescent lamp in case the current should 
rise suddenly. 

Fuse and Detonators — The powder man should have 
charge also of the detonators and fuse and these should be kept 
in a room at least 50 ft. from the explosives. The duties 
of the ix>wder man may include the cutting of the fuse and 
the crimping on of the detonator, for which latter purpose a 
crimper should be supplied. There are still a few miners left 
who will crimp a detonator with their teeth. 

Tluiii'iiig — Thawing is variously performed. In cases 
where low freezing dyuaiiiite is used no means is provided for 
ihawing. Some magazines are heated by steam coils and 
kept at a certain temperature. Tliawing devices heated elec- 
trically or by steam pipes are usetl, as well as different types 
of hot water thawers. Electrical heatei's require careful plan- 
ning to prevent dangerous conditions due to short circuits or 
overheating. Only in a few cases was the dangerous prac- 
tice of thawing in contact with a heated metal surface olj- 
scrved. Where steam is used fur thawing it should be used 
under low pressure; exhaust steam from some source may Ijc 
available. The practice of carrying sticks of explosives in the 
clothing in order to lliaw them from the heat of the hotly 
should be prohibited. 

Carrying ]ix(>!oshTS — In carrying exp!osi\'es from the 
magazine to his working place the miner has l>een oijserved *o 
make up a bundle of a dozen or more sticks and tie it up with 
fuse ; or he may carry the explosive loose or in a cloth sack. 
Obviously, the latter method is safest, because the explosive 
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is better protected and is not lil<ely to be lost. One objection 
to tying up a bundle with a length of fuse is that the fuse is 
very likely to develop a defect from such treatment. 

Loading Detonator Into Primer — There were few mines 
visited in which any regulation method of attaching the de- 
tonator to the primer was followed. In practically all cases 
the superintendents and captains knew that certain method; 
were to lie preferred; the difficnlty seemed to be in causing 
the miners to adhere to rules. Any method of performing this 
operation that allows the detonator to protrude from the prim- 
er, or the formation of sharp angles in the fuse, should be 
prohibited, as they give rise to premature explosions and miss- 
fires. Either of the methods shown in the accomimnying 
sketch is l;*>tli safe and efficient. A skewer of woihI or brass 
should l;e used fi.>r punching the hole in the cartridge. 




Tamping — From a standiwjint of both safety and economy, 
all explosives should l»e well tamped. For this puqKJse damp 
clay may be used ; the tamping stick should be of wootl. 

Missed Holes — In handling missed holes much care is 
generally used, although in some mines no set rule is fol- 
lowed. Usually some form of report is used whereby the 
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captain or sliift lx)ss of tlie oncoming shift is notified of tlie 
niissfire. The sliift boss locates the hole, removes the tamping, 
then inserts and fires another primer. In locating the hole 
the shift boss may be guided by the experienced miner, who 
can designate, in many cases, the charge that has failed ui 
explotle from the sequence of the reports. No set rules can 
be laid down for handling missfires. It may be said, how- 
ever, that at least one hour shonid elapse before anyone is 
allowed to return to the hole; that great care should be ob- 
served in locating the hole and removing the tamping; that 
the charge should never be goiige<l out with a metal scraper; 
and that no attempt sliouhl be made to pull the fuse and de- 
tonator from the hole. There should be some place for post- 
ing or delivering a printed form for the attention of the cap- 
tain or shift boss of the oncoming shift. This form should be 
so filled out as to draw attentiwi to the exact place where the 
missfire has occurred, and the nnml>er of holes missed. 

Black Powder — For blasting on surface, as in open pits, 
various classes of black blasting po\v<ler are used. Care should 
l}e used in the storage and opening of the |>owdcr canisters. 
Loading should be done by careful and, experienced men. The 
safety precautious in this class of work are well known and 
will not be discussed here. It seems only necessary to mention 
the fact that constant vigilance is essential, for even men of 
long exiierience in handling jxjwder will in time become care- 
less and overlook the simplest rules for safety. 

Rules and Blasting SigJials — Rules and regulations con- 
cerning the handling of explosives should lie printed and pt>s;- 
ed in projwr places. Such placards should contain a few 
short and concise statements regarding the chief dangers in 
handling explosives. 

Miners should never l>e aIlowe<l to blast a hole, or even a 
plug shot of half a stick of dynamite, without giving the cus- 
tomary -waniing. The strict enforcement of this rule will pre- 
vent accidents. 
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Inspection. 

Safety inspectors, or committees, are to be found at many 
of the mines, but a great number of them still depend upon 
the captains and shift bosses alone to keep the mine in a safe 
condition. The mines at whicli some forni of inspection was 
provided showed the good resuhs of the work. Constant 
contact with certain conditions may cause even the careful 
captain or shift boss to overlook the dangerous features. 
Fire Prevention and Protection. 

While generously provided in few cases and moderately 
in most, fire protection was found entirely lacking in some 
of the mines. .-\s a protection to life and property every mine 
should l)€ provided with some means of preventing and 6ght- 
ing fires, both on the surface and undei^round. The aim 
should be to remove, as far as conditions and necessity will 
pennit, the causes of fires; and to provide the necessary equip- 
ment for attacking quickly any fire which may originate. 
The following may \>e set down as the causes of metal mine 
fires: 

Careless use of liglils underground, in sJiaft, or at shaft 
collar. 

Defective electric wiring. 

Spontaneous combustion from friction in shaft rollers or 
underground machinery. 

Spontaneous ignition of combustible rock. 

Dropping lighted paper, candle or other material in ore 
chutes. 

Building small fires underground for any purpose. 

Dumping ashes into open pits connected with underground 
workings. 

Careless use of matches. 

Incendiarism. 

Smoking in timbered places umierground, in shaft, or at 
or near shaft collar. 

Sparks from surface engines of any kind, or from surface 
lires. 
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Allowing combustible rubbish to collect underground. 

By studying the causes of mine fires and some of the well 
known preventive and protective measures, many of which 
are embraced in the following suggestions, an efficient sys- 
tem may l>e worked out for almost any conditions. 

Do not place wooden structures close to the shaft collar. 
Have as little wood construction as possible around collar; 
steel headframes with steel and concrete construction to a 
dqrth of 25 ft. below the collar are safest. Sprinkle dry 
shafts. Ill all shafts use care in electric wiring; keep rollers 
we!l oiled; cover steam pipes, especially if laid close to timber; 
do not allow candle snuffs or other open lights to be left on 
timber. 

Ill shaft and pump stations use as little wooden construc- 
tion as possible; provide steel and concrete where support is 
necessary. Do not allow combustible material of any kind 
to collect; do away with open lights as far as possible; use 
care in electric wiring; provide separate receptacles for clean 
and oily waste; do not place machinery close to timber; do 
not spill oil on timber. If conditions do not warrant ste*-I 
and concrete construction, at least break timljering connect- 
ing pump station with shaft, using steel and concrete if sup- 
port be necessary. 

Do not allow dry wood, powder and candle boxes, paper, 
hay, waste, manure, or other combustible material, to collect 
anywhere underground. 

Provide a fire patrol for all timbered parts of mine. 

Do not store lighting or lubricating oils in great quantity 
underground, especially near timbered places. 

Provide one or more chemical fire extinguishers at or near 
ihe shaft collar, at every station, at powder house, and in 
timbered drifts or cr(.>sscirts distant from the shaft. 

Provide one or more water plugs or connections, with 
several lengths of hose, at or near shaft collar and at stations. 
Water may be supplied underground from pumps, water col- 
umn, or by separate line from surface. A shaft sprinklii;g 
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device is useful under certain conditions. In tapping water 
coluinn it may be necessary to use a special pressure reducing 
valve. 

Make air line convertible into water line. 

Have a barrel of water and buckets at shaft stations. 

Provide dry fire extinguishers, such as sand, salt or pow- 
<lcre<i limestone. 

Arrange for the control of ventilation through the use of 
doors. 

Provide air tight fire doors for isolation of parts of mine. 

Make rules for fire prevention and enforce them. 

Have fire drills and a pre-arranged plan of action in ca^e 
of fir^. 

Provide oxygen breathing ap^ratus. 

Provide fire signals. 

.\rrange to notify miners in case of fire and be prepared 
Ut get them to surface promptly. 

Before leaving this subject, it is <lesired to draw attention 
to the use of candles for lighting underground, _ This article 
has probably Ijeen the cause, directly or indirectly, of more 
mine fires than any other known agent. It is notable that the 
candle is fast l>eing replaced by the carbide lamp on the iron 
ranges. No mine, especially if it be dry and timbered, is safe 
from fire while candles are |)ennitte{] below the collar of the 
shaft. Carbide lamps, wliile they are not an ideal lamp for 
the purpose, seem to l>e the best and safest device at present 
known for lighting underground in metal mines. Compared 
with candles, they consume less oxygen, give a brighter light, 
are at least half as costly, and present Utile danger of settinff 
fires underground, chiefly because they are not hung on dry 
timbers and are carried out of the mine when the miner goes 
off shift. It might be mentioned also that the carbide lamp, 
because of its greater brightness of light, affords a better 
chance for locating loose pieces of rock in the back, and for 
seeing obstructions under foot. From a standpoint of fire 
preventicm, there is great need of some lighting device for 
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underground that has an enclosed flame; at the same time it 
must be simple, inexpensive and effective. Portable electric 
lamps (storage battery) are now coming on the market for use 
in coal mines. Lamps of this type present advantages for use 
in metal mines, but they must be simplified and improved l)e- 
fore their adoption is likely to become at all general. 
Oxygen Breathing Apparatus. 

By the use of oxygen breathing aj^ratus, the wearer is 
enabled, without inconvenience, to perform hard labor in an 
atmosphere containing smoke, fumes or poisonous gases. This 
device ii an important part of the equipment for fighting un- 
derground fires and may be instrumental in saving life where 
men are overcome or lost in gas-filled mines. The appar- 
atus should be kept clean and should be tested at frequent in- 
tervals to make sure that it is ready for instant use. In stor- 
age, it should be protected from steam, hot air and dust. A 
sufficient supply of oxygen should be kept on hand at all times. 

There should be two or more trained crews of five men 
each. If a crew consists of three or even four men and 
one of these men should meet with an accident, there is great 
danger that the two or three remaining men may not be able 
to carry him out of the danger zone. The leader of the crew 
should l>e cool and deliberate and should exact absolute obedi- 
ence from every man under him. He should take every pre- 
caution for the safety of his men, thoroughly testing every 
api)aratus before going underground in case of fire. 

For a more detailed discussion of this subject the reader 
is referred to Miner's Circular 4, "The Use and Care of Mine 
Rescue Breathing Apparatus," by James W, Paul, published 
by the United States Bureau of Mines, Washington, D. C. 
First Aid to the Injured. 

From the standpoint of safety, first aid to the injured, 
where practiced, suggests to the miner that he is liable to 
injury; it protects the miner who has received an injury, and 
prevents simple injuries from developing into something more 
serious, thus shortening periods of disability. 
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In the generally accepted sense, first aki to the hijured does 
not contemplate ihe production of physicians after a few les- 
sons — or any number of lessons. Its purpose is to give tem- 
porary rehef, by the simplest possible means, until tlie injured 
man can be taken to a physician or hospital. The study of 
first aid teaches what not to attempt, as well as what to do. 
As taught by the American Red Cross Association, the Unit- 
ed States Bureau of Mines, and other institutions, a man of 
no schooling may become as proficient in the work as the man 
of higjiest education. 

The larger companies operating on the iron ranges, and 
many of the smaller ones, have laken up the work of first 
aid to the injured. In some localities the work is well or- 
ganized and is doing a wonderful amount of good. Most 
operators and physicians are firm believers in the efficiency 
of the work, both from a humane and from an economical 
standpoint. 

It is suggested to any who have not given this subject 
serious consideration that they look up the records of what 
first aid has accomplislied in the coal fields of the United 
States in recent years; or better still, oblain records of what 
the work is doing on the iron ranges. Reports from one 
large hospital show tliat cases of infection have been reduced 
50 per cent since the introduction of first aid work. 
Sanitation and Ventilation. 

Sanitation and ventilation in mines are closely related to 
safety. A miner's general health is more valuable to him 
than a sound leg, arm or finger; and he will do more efficient 
work and be less liable to long disability when injured, if Jiis 
general health is good. Unsanitary conditions in tlie mine, 
coupled with an insufficient supply of fresh air, will sooner or 
later show their effects upon the strongest man. 
Rules a\d Regulations. 

Practically all of the mine operators Ijelieve in the use of 
rules and regulations. This belief is exemplified in some 
cases by the official who at least ix>sts a notice against smok- 
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ing: in certain places, or one refusing admittance to the mine 
or plant ; passing; tlirough many gradations up to the official 
who l>elieves in the printing of rules and regulations in eight 
or ten different languages. There can be no question as 
to the necessity of rules; and there seems to be no suitable 
method of reaching the men of various nationalities without 
printing these rules in numerous langnagcs. 

The important point, often difficult to attain, is the en- 
fcjrcement of these rules and regulations. The only satisfac- 
tory method of enforcing rules is to discipline, and finally dis- 
charge, offenders against them. Unfortunately, labor con- 
ditions are not always sudi that this course can be followed. 
The Human Element, 

The human element enters into every angle of the safety 
problem. Rules may be provided, safety devices and precau- 
tions may l>e provided in ihe greatest abundance, and every 
preventi\-e measure known to science may be brought into 
use ; but they will not avail to reduce accidents to the minimum 
if the safety spirit is lacking in the officials, the captains, the 
shift bosses and the men under ihem. 

For instance, such an experience as the following is not 
uncommon. An official goes underground and finds certain 
dangerous conditions existing, against which there are strict 
and clearly worded rules. These rules might not have been 
(.'l)served for any one of several reasons. The captain might 
not have l>een sufficiently impressed with the "safety first" 
idea; tlie captain might not have educated his shift boss suffi- 
ciently; or either the captain or shift boss might have been 
of that ty|)e who caimot adjust himself to ideas of safety as 
against ore production. 

The remark has l)een heard that this or that captain or 
shift boss could not be brought to give serious attention to 
matters of this kind; that they were loo valuable to discharge 
and would doubtless come around to the changed conditions 
later. In cases of this kind it seems to be a question of which 
man is (he most valuable, the man who gets out ore without 
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injury to his men, or the man who produces a greater ton- 
nage at the cost of human life. This is a question that may 
be studied either from a humane or from an economical view- 
point. 

Unless the mine official is of the fimi belief that safety 
pays, little may be expected from the men under him. The 
l>est results seem to be forthcoming from the mines where 
the slogan "safety first" is strong with the officials, and by 
them is made to permeate every department until it finally 
reaches, through the captains and shift bosses, the men be- 
hind the drill, the pick and the shovel. 

It is the rule on the iron ranges to find the mine officials 
greatly interested in safety, and the same may be said of 
the captains. However, the general- run of shift bosses do 
not present a fertile field for the safety seed; either that, or 
the seed is improperly sowed. This does not refer to all shift 
lx)sses, for there are many safety enthusiasts among this class ; 
nor does it mean to imply that a shift boss would willingly or 
knowingly put a man in a dangerous position. The idea 
that it is desired to bring out is that, in general, the safety 
spirit is high with the average official, and most of the cap- 
tains; but when it reaches the shift bosses it begins to die, 
and by the time it comes down to the miner it is almost dead. 
The average miner resents suggestions for his safety. He 
will take care of his dinner pail and he will be careful to get 
all that is coming to him from liis contract, but he will not 
take the necessary precautions to safeguard his life. Of course, 
there are some who are careful. 

The above statements are made after a close study of this 
particular feature of safety work in many of the mines. They 
lead up to what the writer believes to be of the utmost im- 
portance in the prevention of accidents, namely: That far 
more good may be accomplished by educating and securing 
the co-operation of the man underground than by the use 
of safety devices or measures of any other kind. Safety de- 
vices are good and they are absolutely essential for protecting 
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the miner; if tliey could be coupled witli a mine full of men 
whose thoughts were for their safety, then conditions would 
Iwgin to approach the ideal. The method of securing this 
co-operation is the problem of the management, and the proli- 
lem is not the same in every mine. Schemes that will work 
out well in one mine might fail under widely different condi- 
tions. 

Organization and Co-Operation. 

In many of the mines the captains and shift bosses are 
looked to for the reduction of tlie accident list. Another class 
is made up of those mines which have one or more safety in- 
si>ectors. Still another class embraces the mines of the larger 
companies that maintain safety departments and spend a great 
deal of time and money looking to the welfare and safety of 
the man in and about the mine. 

Of the schemes for securing the co-oi)eration of the cap- 
tains and shift bosses there are none that seem to bring better 
results than the monthly or semi-monthly meetings at which 
accident reports are read and the accidents, with possible sug- 
gestions as to how they might have been prevented, dis- 
cussed. In some cases rivalry is stirred up amongst the shift 
bosses by offering small monthly prizes to the boss whose rec- 
ord for injuries to men is the cleanest. 

The writer is of the belief that a yearly cash bonus to 
shift lx)sses, based upon the number of men injured (or the 
mnnber of days disability resulting therefrom) and killed, will 
be effective in reducing accidents. At first thought this prop- 
osition might not be attractive. However, let us start with 
the premise that In a certain mine the shift bosses are not as 
careful as they should be — and this applies practically to all 
mines. There are, say, ten shift bosses. You appeal to them 
from the humane standpoint; jx>ssibly three will be deeply 
interested, three more moderately so — the remaining four are 
thinking of something else. And so it will be if you talk of 
■prizes of any kind, until yon mention, say $500 as a yearly 
bonus; there are then exactly ten shift bosses intensely in- 
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tcrested in ymir conversation. Consider the number of broken 
fingers it will take to cost $500 in compensation. 

The cash bonns is a suggestion; the plan in detail must be 
worked out with careful regard to the conditions under which 
the men work. One objection that has been heard is that 
conditions in one place might l>e more dangerous than in an- 
other, in this way presenting difficulties that might arise un- 
der any bonus system. It would seem that in the course of a 
year conditions would change sufficiently to equalize risks 
of injuries. As a matter of fact it is often found that more 
accidents happen in places that are supposedly safe than in 
those that are known to be dangerous. In this connection, at- 
tention is directed to the fact that certain companies have 
brought about great improvement by offering cash prizes to 
miners for gardens and clean premises. 

During the past six months committees or associations 
have been organized in various districts on the iron ranges. 
Membership is made up of mine officials, captains, shift 
bosses, engineers and others interested in safety work from 
all operating projjerties of the district. The purposes of the 
organization are, through co-operation, to promote welfare, 
safety in and about the mines, social intercourse, first aid to 
the injured and rescue work, and sanitation. The co-opera- 
tion is to be effected by regular meetings, at which these vari- 
ous subjects will be discussed, and by visits to the difTerent 
mines. Several of these organizations show signs of becom- 
ing permanent and powerful institutions. 

The methods of securing the co-operation of (he miner 
are throueh the posting of warnings of different kinds, the 
printing of rules and regulations, the posting of newspajjer 
accounts of mine accidents with illustrations showing how men 
are injured, the formation of ins|)ection committees of min- 
ers, and through personal contact of the officials, captains 
and shift bosses.. These metho<ls are more or less productive 
of results, but there still exists a woeful lack of willing co- 
operation among the miners. Just how this condition may 
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l;c improved is a problem, the solution of which will do much 
for the cause of safety in mines. Suggestions along these 
lines may be obtained through a study of the methods in use 
by many of the large industrial organizations of various parts 
of the United States. 

Conclusions, 
_ The reader, if he has the patience to go carefully through 
this paper, will doubtless make the mental note that there is 
still much to be written on the subject of safety; that the sug- 
gestions made are mostly old and well known; or that he does 
not agree with the writer on soine points. It is hoped that 
these very faults might have the good effect of su^jesting the 
ixiints that have l)een omitted; in stirring someone to adopt 
a suggestion that he has neglected in spite of its age; or in 
bringing out, through discussion, a better way to accom- 
plish some of the objects outlined. 

More than this, it is hoped that by giving publicity to the 
subject of safety in mines, more converts will be made for 
the cause. The protection of our fellowman is a duty that we 
owe to ourselves and to mankind. If there is no appeal in 
the humane side of the question, study it from a standpoint 
of dollars and cents, for safety in mines pays, first, last and 
all the time. 



igitizedty Google 



LAKE SUPERIOR MINING INSTITUTE 



WHAT OUR NEIGHBORS CAN DO IN MINING IRON 
ORE. 

BY DWIGHT E. WOODBRIDGE, DULUTH, MINN.* 

Lest we forget that there are others in the United States 
than we of Lake Superior, wlio are doing things in iron min- 
ing, and other places tlian the Mesabi range w'here iron is 
n)ine<l. and where records are made, I want to call attentidii 
to a few items from my note books. These items were gath- 
ered recently in work for the United States Government, as 
consulting engineer of the Bureau of Mines, 

I found that in the brown ore regions of Alabama, they 
are mining an average of 7 or 8 cu. yds. of material for every 
Um of 50 to 52 per cent ore, dried analysis, that they save. 
The W'eems mine of brown ore, in the Rock Run district of 
Alabama, has mined 2,200,000 yds., and has secured 300,000 
tous of ore; one ton to every 7 yds., plus. A comi>any in 
that vicinity was mining, at the time of my visit, 15 yds. to 
get I ton. All this material has to be mined from the ore 
bank, transiH>rted to the washery, washed and loaded on cars, 
and the cost figure for this operation of 15 yds. to the ton 
was alK>ut $1. Companies like the Republic Iron & Steel 
Ct^iipany are buying brown ore of a guarantee of 45 per 
cent, dry, at $1.35 a ton f. o. b. cars. The Roane Iron Com- 
pany, of Chattanooga contracts for brown ore at $1 a ton 
when No. 2 foundry iron is .selling at Birmingham at $7, and 
a 5 cent premium for every dollar added to the price of pis^ 
iron until it has reached a maximum co.st of $1.50. That 
would make the Roane Company's brown ore cost it, now, 
about $1.20. This is for a ton of 2,268 pounds, which is a 
'Consulting Engineer. 
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weiglit use<l, I believe, nowhere else. Tlie WocKlward Iron 
C(>inp;uiy figures its brown ore costs at about $0,821 at the 
mine. 

Ill tlie Clinloii ore district of New York state, where the 
iron content of the ore is about 40 to 45 per cent dry, they 
are removing an ■overburden that is from 10 to 20 ft. thicl^, 
half of it consisiJng of a hard limestone which must be blast- 
ed Ijefore removal by the shovels, in order to get at a thick- 
ness of about 2 ft. of ore. This ore dips flatly into the earth, 
and they are now trying to figure out how they will be able 
to follow the ore to a depth of 500 ft. vertically, underground. 
This will mean a distance of 4 or 5 miles from the outcrop- 
ping. This Clinfon ore district of New York state, about 
which we hear very little, and from which but a trifling quan- 
tity of ore is now taken, is estimated lo contain not less than 
500,000,000 tons of merchantable ore. 

An underground mine in Etowah county, Alabama, on the 
Clinton formation, is successfully protlucing a 45 per cent ore 
from a seam that averaged, at the time of my visit, 25.5 in. 
thick. Ore is successfully mined in this property to a thin- 
ness of 14 in. Miners get 55 cents a Ion for ore in faces 
36 in. thick, with a premium on thinner seams and a penaUy 
on thicker. At this mine the ore is trammed underground in 
main galleries. 48 in. high by "jennies" whose ears seem to 
have ijeen ^:ropped to fit the openings, is hoisted to the main 
tunnel level on platforms up an incline, is trammed out to 
surface by mules and run through a crusher and over a picking 
l)elt to remove slate, and the picked ore is then let down a 
long incline to the railroad track. The cost of .all these op- 
erations was averaging, at the time I saw the mine, about 
$1.40 per ton of picked ore, this figure including aH overhead 
costs as well as lran.=;portation ti> the furnace and amortization. 

Generally accepte<l figures on the tonnage of Clinton ores 
available in that part of Alabama between Birmingham and 
the suburb of Bessemer have been for about 800,000,000 tons 
of the better grade, or "self-fluxing" ore. But by virtue of a 
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drill hole sunk last year by Cole & McDonald, of Dulutli, tins 
figure slioukl Iw doubled, as to proljabte ore. This drill hole 
went vertically i ,902 ft. to the top of the "big seam" of Clin- 
ton ore, that outcrops 14.500 ft. away. At the outcrop of 
'the "big seam" it shows a thickness of some 12 ft., but at 
this point some 3 miles back from the ontcrop, and 1,900 ft. 
deep, the ore shows a combined thickness of 15 ft. in two 
seams parted by 2 ft. of slate. It is probable that there is as 
much good ore between Birmingham and Bessemer, an ex- 
treme length of about 20 miles, as there is on the Mesabi range, 
and that there is alK>nt as much merchantable ore of the Clin- 
ton hematites in .Alabama as of all merchantable ores in the 
Lake Superior region. And lest we forget the comparative 
value of these ores, let us bear in mind that a 40 per cent 
hard Clinton hematite of Alabama, is as good for furnace use 
as a 50 per cent Mesabi hematite, on accoimt of its compara- 
tive freedom from moisture and its high percentage of car- 
bonate of lime. 

The distribution of brown ore banks, throughout the 
United States, is far wider than that of any other tyiie of iron 
bearing material. These banks occur in the slates of Ver- 
mont, Massachusetts, Connecticut, \ew York, Pennsylvania, 
Maryland, Georgia, Tennessee. Alabama, Kentucky, Missouri, 
Texas, Iowa and Wisconsin. They are mined in Pennsylvania, 
Virginia, Tennessee, Georgia, Alabama, Texas, Iowa and Mis- 
souri ; chiefly in Alabama and Georgia. That they are some 
factor to be reckoned with in the future, may be gathered 
when I say that there are areas of these banks in Alabama 
alone, covering 7,000 sipiare miles. No estimates of ton- 
nages that are worthy of credence have ever been made, and 
it is im|X)ssible to make such estimates, on account of the un- 
certainty of the deixjsits. It is a common saying in the south 
that no man can see into a brown ore bank, further than the 
end of his pick. But, it is not unlikely that the dq>osils of 
these ores in the southern states of Virginia. Tennessee. 
Georgia and Alabama, will be found ultimately to be of 
enormous quantity. 
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In the Clinton ore mines of Birmingham some of the min- 
ing companies pay their miners on the basis of 30 cents a ton 
for ore. This means the breaking of the ore, loading in Irani- 
cars, and the delivery of Ihe cars to the main heading, where 
the cars are picked np by the comijaiiy and pulled to the tip- 
ple at surface. In these cases the company furnishes drills, 
air and steel, the contractor, usually a negro, supplies la- 
bor and powder. Some com|janies pay less than 30 cents 
a ton. The pig iron costs of one of the large mining and iron 
making companies of the district, with the elimination of all 
intenrrediate profits, and by the use of by-protUict coke, have 
been under $6.50 a ton, and can now be figured at about $7. 
Possibly there are others that can not do so well. 

In the case of one of the operating companies of the dis- 
trict, the assemblage of materials is on the following basis: 
It owns a strip of land 4 miles long and about a mile wide. 
At one end of this strip are its ore mines, as good as can be 
found on Red Mountain. At the otlier end are its coal en- 
tries. In the center are its furnaces. Connecting all is a 
standard gauge railway laid with loo-Jb. steel, and using 
cars of 140,000-lb. capacity. This road connects at points 
less than a mile frona tlie funiaces, with ten trunk lines of 
railway. Another operating company starts the incline track 
carrying ore to its furnace mouths in a Hmestone quarry, suit- 
able for flux. The advantage of this condition is neutralized, 
however, by the fact that none of these comi>anies use any 
flux to speak of. Another comi>any has five great blast fur- 
naces in a row, some of them of 500 tons.per day capacity. 
I think it is a fact that nowhere in the world outside of Birm- 
ingham can five great blast furnaces be found under single 
(nvntrship in one, except at- Gary. 

There are in the state of Maryland four blast furnaces of 
a daily capacity of about 350 tons of pig iron each. All the 
iron produced in that state is made in these stacks. Sixty years 
ago Maryland had no less than 31 active furnaces and their 
combined capacity was 70,000 tons a year, or as much as the 
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four now in blast can make in two months. All those old 
stacks, wliicli averaged about six tons of iron per day, and 
whose ruins now dot the state, produced iron from brown 
ore banks that were then active, and all of which lay within 
a few miles of the stacks. In those days there were many 
stacks in the city of Baltimore and the ore to run them was 
mined within thirty miles of the city. Now those ore banks 
are deserted, and the four great furnaces of Baltimore re- 
ceive their ore su[>plies from foreign mines situated more than 
1,000 mites away on the Caribbean sea. The Lake Superior 
district is largely res^xmsible for this and other similar changes 
in the iron trade. 

In Xew York state there are large dqx«its of low grade 
magnetites running, say 40 i>er cent and better in iron, and 
up to 2 per cent and more in phosi)horous, that are being 
matle into a very high grade ore, bc-th bessemer and non- 
bes.semer, by the elimination of the gangue and of the con- 
tained a]>atite. which is the mineral carrying the phosphorus. 
TIicv have prwluced so far, of magnetic i;>re from this Ap- 
l>alachian field, more than 35.000,000 tons, showing it to be 
a most important district. At Mineville they are now con- 
centrating these 2 (ler cent phosphorus ores at the rate of a 
million tons a year, whith is the cajKicity of their mines, and 
<,-f iheir mills when working one shift per day. In these 
mills they are bringing their 40 per cent ere up to 63 and 
65 per cent, and their 2 per cent of phosphorus they are re- 
<hicing. for' some grade, ti> .03 per cent, and they are making 
products that do not varj- from irionth to month moi^e than 
four or fi\e one-thousandth of one per cent in their phos- 
]>horus content. Such close work seems ahnost uncanny. 
When one considers the vast tonnage probabilities in low 
grade magnetites on Lake Superior, now unused, he appre- 
ciates the opixjrtunities fi;r Ihe application of such methods 
to the reser\es of this region. At Mineville they are able to 
mine and concentrate on a commercial basis ores running a 
little better than 50 per cent that are taken out of a 12 ft. 
seam from 700 ft. underground. 
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RE-LINIXG NO. 2 HAMILTON SHAFT WITH REIN- 
FORCED DIVIDERS, END PLATES AND 
POURED CONCRETE WALLS. 

BY S. W. TARR, DULUTH, MINN.* 

The No. 2 Hamilton (vertical) Shaft, Chapin Mine, at 
Iron Monntain, Mich., was sunk in 1891, as described in Vol- 
ume XI, of the Proceedings of the Lake Superior Mining In- 
stitute, under title of "The Unwatering of the Hamilton and 
Lndington Mines" (page 139-147), by John T. Jones. 

The original shaft consisted of six compartments, two for 
skips or bailers, 4 ft. 8 in.x7 ft. o in., two for cages, 4 ft. 8 
in.x4 ft. 6 in., and two compartments for steam and column 
pij^es for pumping, located in the end of the cage compart- 
ments, 4 ft. 8 in.x 2 ft, o in., as shown in Plate i. 

This shaft was lined with wood sets, consisting of 16 in. 
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square timbers, spaced 6 ft. 2j'< in. center to qenter, with wood 
sluttles and steel hanging bolts, the outside of which was lathed 
with 2 in plank, making a minimum oijening to be cut in the 
nxk of 10 ft. o in.x24 ft. 4 in. The timbers in this shaft, 
cine to long service, became badiy decayed, so that it was neces- 
sary to re-line the shaft or abandon it. 

Early in the year igii, it was decided to make the No. 
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Plate Z. Sketch Show ins Enlsrsed Shaft 

2 Hamilton Shaft a permanent outlet to the Chapin Mine, and 
install in this shaft the peniianent nndergroiind electrical cen- 
trifugal pumpiiig equipment. It was, therefore, necessary to 
re-line this shaft from collar to bottom, a distance of 1,434 
feet, and since there was a possibility of striking another vug 
of water in the underground workings at any time, provision 
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had to be made in tlie design of re-lining so that bailers could 
be put in service on a very short notice. Since this shaft was 
to be the permanent outlet, provision had to be made for col- 
umn pipes and transmission cables to transmit electric power 
to the un{lerground ptimps. To provide for these column pipes 
and transmission cables, it was necessary to increase the in- 
side dimensions of the shaft from 7 ft. o in.x 21 ft. 4 in. 
to 9 ft. o in.x2i ft 4 in., making the poured concrete wall 6 
in. thick. Thus, the outside dimensions of the shaft were not 
increased over the original wood lined shaft. The shaft now 
consists of eight compartments, two for skips or bailers and 
two for cages, each 4 ft. 8 in.x6 ft. 4 in., three cc«npartments 
for pipes and transmission cable and one for ladder, each 2 
ft. 4 in.X4 ft. 8 in., with concrete slab partitions between cage 
and skip compartments, pipe and skip compartments, and lad- 
der and skip compartments, as per Plate 2. 

Various methods of re-lining this shaft were considered, 
as follows: 

1st. Re-lining with timber sets and wood lath, i. e. replac- 
ing the present sets. 

2d. Re-lining with steel sets and wood lath. 

3d. Re-lining with steel sets and reinforced concrete lath. 

4th. Re-lining with steel sets, angle stuttles, and concrele ■ 
ix>ured walls. 

5th. Re-lining with reinforced concrete dividers, end plates 
(made on surface), and poured concrete side walls. 

The first and second schemes were neither fire-proof nor 

pentianent; the third and fourth schemes were not considered 

practicable; the fifth scheme was adopted on account of its 

ixrrmanent qualities, being strictly fire-proof and water-proof. 

Concrete Mixing Plant. 

To economically make the reinforced concrete dividers. 
end plates and slabs, also the concrete for poured walls in 
shaft, a concrete mixing plant was built near the shaft, as 
shown on Plate 3. The mixing plant consists of a crusher, 
bucket elevator, revolving screen, two concrete mixers, pocket 
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divided iiiii> three divisions for sand, gravel and "over-size," 
and a drying rami, equipped with an overhead hand traveling 
crane. 

'Hie material for these dividers, end plates and slabs is 




Plate 3. Concrete Hixi 
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brought to the mixhig plant from a nearby gravel pit in dump 
wagons. This gravel contains a large percentage of sand. 
The material from the wagons is clunii>e<l directly into the 
crusher. The pRxUict from ihe cnisher is dischar^jcd on to 
the bucket elevator which elevates it to the cylindrical re- 
volving screen. This screen is divided into two sections. The 
first section is perforated with -^k in. diameter holes and the 
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second section with lis in. diameter holes. All aggregate 
liassing through the ^,s in. diameter holes Is teniied as "sand" 
and all aggregate passing through the I'/g in. diameter holes 
is termed as "gravel." The material larger than this is termed 
"over-size." This "over-size" is used either for backfilling the 
concrete walls in the shaft or may be drawn out from the 
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pocket into a tram car and returned to the crusher for re- 
crushing. Tlie concrete mixers used are Smith No. i, of 
nine cubic feet capacity. The ingredients are brought to the 
mixer in tram cars. The Ixjdy of the tram car is divided into 
three sections to hold the required amount of sand, gravel and 




Plates. Detail of Ci 



cement, to give the projier mixture of one portion of cement, 
two portions of sand, and four of gravel, for the making of 
reinforced concrete dividers, end plates and slabs, and shaft 
wall. By moving under the sand and gravel siJouts, the car 
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is l(")a(lc(l with the proper portions of saiul and gravel, and 
the required amount of cement is ixmretl into llie car from 
sacks. Xhe loaded car is trammed to tlic mixer and contents 
dumiwd in same. A water measuriiij,' box is placed above 
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each mixer, wiiich <lisciiar^cs the pmpcr amount of water into 
Ihe hatch lo l>e mi.xed. 'Jiie dividers, end plates and slabs are 
made in steel forms. These forms are placed beneath the mi.x- 
er from whicb the concrete is p<.>ured directly into tbcni. After 
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the concrete has been in the fonns a sufficient length of time 
to harden, the fomis are removed and the moulds are picked 
up by the hand traveling crane and carried into the drying 
room, where they are cured. The design of reinforced con- 
crete dividers, end plates and reinforced concrete slabs are 
shown in Plates 4 and 5. The steel forms for making the 
same are shown in Plates 6 and 7. 
Method of Re-Lining Shaft With Poured Concete. 
The work of re-iining this shaft is done in sections. Each 
section is started on permanent bearers located to support the 
present timber shaft sets, and working upwards. A section of 
old timber, usually 12 ft., is removed and loaded on to the 
cages and hoisted to the surface, where it is unloaded on to 
cars and dumped into the cave nearby. The timber sets above 
these portions are supported by means of vertical columns with 
jack screws on the bottom, resting on 12x12 in. timber placed 
on the bearers. After the first 6-ft, section of concrete is 
poured, the 12x12 in. timbers are placed on the reinforced 
concrete dividers and end plates, which are supported on steel 
forms, 'as shown in Plate 8. The steel forms are made in 
sections, with recesses to support end plates and dividers 
spaced either 4 ft. or 6 ft. centers as shown in Plate 9. Since 
■here are seven sets of steel forms, the footings to carry the 
weight of old timber sets will bear either on the permanent 
Ijearers or on at least five sets or 30 ft. of concrete, i. e., the 
support of the old timbers above tloes not depend upon green 
concrete. After the sections of steel forms, 6 ft. high, are 
lowered in the cages and installed, the reinforced concrete di- 
viders and end plates are lowered and placed in the recesses 
provided in the steel forms, and the ends bolted to the steel 
forms. These end plates and dividers serve as horizontal stmts 
to hold the steet forms in position. When a section is placed, 
the vertical reinforcing nxis are put in position in the wall, 
and the wall is now ready to be poured. The concrete for 
this shaft wall is mixed on the surface at the mixing plant 
and discharged into side dump steel cars, which are pushed by 
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liaiid from the mixer to tlie shaft. A turn table is installed 
alxnit 15 ft. from the shaft, tracks from which lead to both 
skij) compart men ts. Cages are used in Ixith of these com- 
l>artments. The concrete car is run on to eitlier of these 
cages from the turn table and lowered into tl'.e 
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shaft. A rev. 'King- chute is atlacheii to the spout of 
tiie car ami the conteiiis are disch.ar^eii beliind the forms ti> 
make the wall and i>n'i)orly lanipcd in place as shown in Plate 
y. In places there are large crevices in (he shaft. Where these 
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crevices occur, lliey are filled to within lo in. of the steel fomis 
with large stones or rock from the over-size bin before the 
concrete is potired. Tlie average amount of material for re- 
lining one 6-ft. vertical section of shaft is one cord of stone 
for backfilling lo cu. yards of concrete, and 550 ponnds of 
steel for reinforcing. 
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Plate 9. Steel Forms Uadc in Seclionii. With Rccessea to Support End Plates and Dividera 

Number ok Mex Employed. 
In removing old timber, five men are re<|uircd to work 
Ijclow and one man at the collar to handle old tinil>ers from 
the cage and dispose of same. The time required to remove 
one 6-ft. section varies acconHng to the condition of the old 
material in the shaft. In placing steel forms, four men arc 
re^juired below and two at the collar to lower the forms on 
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the cage. In pouring concrete, four men are required below 
and two men at tlie collar. The above number of men does 
not include the shaft foreman, concrete foreman, hoisling en- 
gineer, or iiien working in the mixing plant, as these men do 
not spend all iheir time on this particular jdb. The re-lining 
work is carried on in three eight-hour shifts per day, and 
the average time required to concrete 6 ft. of vertical shaft 
is 24 hours, or three shifts, which includes placing the forms, 
[xiuring concrete and removing an equal amount of forais. 
When the forms are remo\'ed, they are taken to the surface, 
thoroughly cleaned and given a coat of crude oil before they 
are v.^ed again. 

All hoisting and lowering of' material is done with the 
present reel hoists Itxated in the No. 2 Hamilton engine house, 
as shown on Plate 10. 

When jt was decided to make this shaft a permanent out- 
let, a new steel headframe, stockpile trestle and idler stand were 
erected, as shown on Plate 10. 

On account of the heavy flow of water in the underground 
workings at this shaft, it was necessarj', in dismantling the old 
wii^Mlcn head-frame and erecting the new steel head-frame, 
that this work be done in the smallest possible time, as bailers 
might have to lie put in ai>eration on very short notice. When 
it came lime to make this change, the old wt>tKlen head-frame 
was dismantled and the new steel one erected ready for hoist- 
ing in ten days. In the design of re-lining, the provision made 
tor installing bailers on 24 hours' notice proved to be a gCKxl 
precaution, as a vug of water was encountered on October 
J2d, 191J, and the bailers were put in oi^eration within 24 
hours, thus preventing the flo<xling of the lower w-orkings of 
the mine. 

Pbouhlss of Work. 

The first jMirtion oi die work of re-lining this shaft was 
started St, ft. 3 in I)elow collar of shaft, on May 3d, 1912, 
and the concrete lining between this point and the collar was 
completed on June 29th, 1912. The second portion w^as start- 
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ed 302 ft. 7 iiL below collar of shaft, on July ist, 1912, and 
was connected to tlie first portion on October 5th, 1912. The 
third (x>rtioii was started 551 ft. 3 in. below collar of shaft, 
on October 12th, 1912, and connected to the second portion 
March 15th, 1913. In this portion, the shaft work was dis- 
continued from October 22d to November iStb, igi2, on ac- 
count of striking the vug- of water on the i6th level. One week 
was also lost between January nth and January iSth, 1913, 
on account of a slip of old timbers in the shaft. The fourth 
iwrtion, was started 695 ft. 7 in. below collar of shaft, on 
March 22nd, 1913. and was connected to the third portion on 
May 10, 1913. The fifth portion was started 917 ft. 4 in. 
below collar of shaft on May 17th, 1913. and to July 5th, 
1913. 812 ft, 7 in. of the entire shaft have been completed. 
Weekly reports of the prepress of this work are sent to the 
Chief Engineer's office, where a graphic report is kept, as 
shown on Plate il. 

The average rate of progress since the beginning, without 
deducting the time due to delays, is 56.7 ft per month, or 63 
ft. per month for actual working time. The progress for 
the past month was 72 feet. The preliminary estimate was 
based on re-lining 100 ft. per month. The old shaft timbers 
however, were in far worse condition than could possibly be 
anticipated, aiid the slower prepress has been due entirely 
to the difficulty in removing the old timbei-s and the precau- 
ti(ms required to protect tlie lives of the men who are em- 
l)loyed on this work 

In the jxirtion of shaft completed to date, all the work has 
proven ]>erfectly satisfactory and entirely up to expectations. 
The walls are smooth- and waterproof. The reinforced con- 
crete dividers and end plates come from the stee! forms per- 
fectly true, straight and smooth, and fit perfectly in the re- 
ces,ses provided in the steel forms. 

All cement used in the construction of this shaft lining was 
furnishe<l by the Universal Portland Cement Com]>any, and 
the sicel forms, reinforcing rcwls, steel head-frame, stockpile 
trestle and idler stand were furnished by the American Bridge 
Company. 



Digitized ty Google 



LAKE SUPERIOR MINING INSTITUTE 



SUGGESTIONS ON THE APPLICATION OF EFFI- 
CIENCY METHODS TO MINING. 

BY C. M. LEONARD, GWINN, MICHIGAN. 

The original application of the term "Efficiency" was matle 
to machinery and was represented by the work accomplished, 
divided by the energy expended. This result in the older type 
of machines was very low and men specially trained, made a 
study of the application of power and the results and by some 
small change in the organization of an engine, the use of a 
different type of valve, the use of the condenser, etc., have 
increased this factor several hundred per cent. 

In 1883. Fred W, Taylor realized that the efficiency of hii- 
niaii energy was low. began to analyze operating conditions 
and the result of this analysis is one of the prime factors 
which enables American industrial labor to earn more i>er 
day than in any other country and American manufacturers 
to sell their products at a profit in countries where labor re- 
ceives but 40 to 50 per cent of what it receives in this 
country. 

Until a comparatively recent date, efficiency engineering 
was confined to industrial plants and construction work. The 
results obtained in these lines has suggested its application to 
mining and from the very nature of the necessarj' working 
corditions in mining, it would seem that even greater results 
might be looked for than in other industries. 

The cost of production in mining may be divided into two 
parts, viz: Snp]>lies and Labor. Of these the latter is the 
larger. 
Supflics— 

Supplies are usiially considered practically a constant factor 
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in tlie cost of production. They are, at least, less affected by 
a study of the details than labor. 

Tlie importance, of having excessive capital tied up in sup- 
plies is recognized, but it is doubtful if the interest on the 
amount necessary to carry an adequate stock of those in gen- 
eral use, would meet the loss due to the delays caused by con- 
tinually running short of material. The amount of supplies 
which is necessary to carry, is affected by the standardization 
of etjuipment. For instance, nearly every manufacturer of 
Ijower drills is glad to have his machnie given a trial. If 
this trial were made <;n ground which were fairly uniform, a 
careful record kept of the j>erfoniiance of each machine and 
a com|jarison made of the records, it would prol>abIy result in 
one machine of each tyiw being selected as a standard and 
a basib established for the i>urcha.se of power drills. The adi^)- 
tion of one brand of steel usually insures more uniform re- 
sults in the forge and consequently a better bit sent under- 
ground. 

Fuel, one of the i>rincii>al items of supplies, is now pur- 
chased by most ojjerators on an analysis basis, after determin- 
ing the fuel l>est suited for each ciwidition. 

One company has reduced the C(;st of their lubricating nil 
by using a commercial grade of a thick oil, adding other lu- 
bricants to meet various conditions. 

A stu<ly of explosives, their application and instructions 
in their use may result in a saving of a cent or two per |)ouik1 
in this item or a [xnind or two of explosive |)er foot of drift. 

The use of carbide lam|)s underground has deuKjnstrated 
that they not only cost less but give a l>etter light and are 
smokeless. 
Labor — 

During the jwist ten years, il has been necessary for the 
mining industry to meet an increase of wages, varying fnnii 
8 to 21 ])er cent, a decrease of 20 per cent in the woritrng 
hours and in many instances, a decrease in the price received 
for their product. The one object of labor is to receive larger 
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wages and one of the main objects of the operator is to get 
lower costs. The question naturally presents itself, how can 
this condition be met to the satisfaction of both parties? 
There can be but one answer to this and that is by increas- 
ing the efficiency of labor. 

The conditions which have a direct bearing on the effi- 
ciency of labor are so varied, that an exhaustive treatment 
can not be brought within the confines of one paper. Not 
only each district but each mine presents a different proposi- 
tion in itself and a study of the details of the operating con- 
ditions is the only manner l>y which we may arrive at any defi- 
nite solution. From our practical knowledge we may be able 
to sense a thing as being right or wrong. This judgment 
may err 5. 10 or 15 per cent one way or the other and may 
represent the margin between a profit and loss, but from a 
set of figures compiled from a time study of the complete cycle 
of operations, from breaking the ore until it is loaded on 
surface, one is able to determine to what extent and at which 
point it is possible to make changes and the exact result of 
these changes. It enables the work to be so co-ordinated that 
each man is given an opportunity of <loing a days work and 
is not being held np by some other ojieration. It also pro- 
vides an intelligent Ijasis for making contracts and if the aver- 
age man does not make the minimum wage, it is his fault 
rather than an error in judgment on the part of the foreman. 

A time stu<ly to be of practical value, must Ije enough in 
detail and cover a sufficient ijericd of time to enable one to get 
a fair average of the time required on each operation, and 
one which does not give this information is worse than use- 
less as it permits false conclusions to he drawn. To get jxisi- 
tive results from this wi.-rk it is absolutely essential that the 
cooperation of the entire executive force be maintained and if 
there is any indiiiati'>ii on the ixirt.of a b.iss or foreman not 
to co-operate in the work, there remains but one of two cour.-;es 
to pursue, either discontinue the \vork along these lines or dis- 
pense with that persons services. 
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No trouble should be experienced in getting the men in- 
terested in the work for as soon as they realize that it means 
an increase in their wages, they are only too glad to make an 
extra effort. The men should be dealt with individually as 
far as possible. The force of this is apparent when a man is 
taken froni day labor and given contract work. He immedi- 
ately realizes that a premium is being offered for better work 
and can see some tangible reason for making a greater ef- 
fort. It is generally recc^iized that any system of efficiency 
that does not provide for a division of the benefits to be de- 
rived from any changes which affects labor, will prove a fail- 
ure, and while a large percentage of the men working un- 
derground may not be able to speak English fluently, there 
are few who, at the end of the month, do not know approxi- 
mately what they have made and a settlement on any other 
basis will not prove conducive to the best results. 

There are conditions in which it is rather difficult to figure 
a contract basis. For example, in the Lake Sui)eriur C'opper 
District, the cost of copjjer per pound dejjeiids uix>n the 
(juality of riK-k hoisted as well as the quantity. This neces- 
sitates underground sorting, which item is a large proi>ortion 
of the underground expense. When this oiwration is placed 
on a contract l>asis, the quality of the rock decreases and the 
quantity increases as well as the cost of coi)i>er per pound. 

To a certain extent, efficiency work is a matter of e<luca- 
tiim. While a practical training is absolutely necessary to 
one who in any way has charge of men or is planning work, 
it is of prime iniiKirtance that they be able to appreciate the 
value of figures. The result of a time study placed before some 
of the older mining captains would pro<hice about the same 
feeling toward them as the man lost in the woods has toward 
his compass. He will agree that they ought to be right, "but 
tliat they are certainly off this time." 

In the majority of cases the men themselves may be 
taught to accomplish the same or greater results with an ex- 
penditure of less physical force, This can not be done by 
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simply explaining the method but must be demonstrated. Tt 
may be necessary to take four or five cuts out of a drift be- 
fore you can convince a gang that they are not placing their 
holes to the best advantage. This part of the system of 
education is usually left to the boss, whose territory is so great 
that he cannot give sufficient time to any individual gang or 
operation, to get the best results and too often his attitude 
toward tiie men may be that if they do not get the best results, 
they are on a contract and they, not he, will be the losers. 

There are many other conditions which have a direct bear- 
ing on the efficiency of lalx)r, scsne of which are of such na- 
ture that the results can not be measured in dollars and cents. 
For instance, one large copper mine in the Southwest employs 
an ex[Jert to provide ventilation form stopes where the aJr is 
too hot or impure. Sociolc^ical and welfare work, which 
might be considered a dead expense, undoubtedly has a di- 
rect bearing on the efficiency of labor, in tending to preser\'e 
the health, loyalty and continuity of an organization. If it 
were possible to detemiine to what extent the cost per ton 
of ore or per jround of copper were affected by this expendi- 
ture, it would doubtless show a balance on the credit side. 
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THE PREVENTION OF ACCIDENTS 



MINE LAWS, SPFXIAL RULES AND THE PREVEN- 
TION' OF ACCIDEXTS. 

BY E. B. WILSON, SCRANTON, PA.* 

Ti> cover exliaiistively the subjects of this paper would re- 
quire that a large \Mxik be written, even then it is improbable 
that the continually changing conditions ai>out metal mines 
could be anticipate<l so as to present all the various matters 
which culminate in accidents: the unforseen possibilities that 
may arise for changes and additions to mine laws; or the nec- 
essity for fonnulating new rules. The very uncertainty of 
tilings makes this pajwr of a general nature, nevertheless. 
there are sjwcific matters that come under these captions to 
which attention is directed. 

That there may l)e no misunderstanding, this paper is not 
a criticism, but one in which are stated conditions as they are 
reconied. In the writer's opinion therefore no individual op- 
erator can assume complacency in this matter, Ixit rather all 
should unite t() reniedy the conditions collectively. 

In most mining states laws have Ijeen passed to compel 
mine o])erators to do certain things and post certain rules, 
and, to see that the provisicms in these laws are carried out, 
.stale niine insijectors are appointed or elected, whose power 
also consists in recommending safety measures, and pointing 
out dangers. In some coal mining states the inspectors are 
able to close mines and bring suits if operators do not comply 
with their suggestions'. 

In going {>ver the various state mine laws in operaficwi and 
pnnwised. one will find a list of subjects adopted years ago, but 
now suited only for use in kindergarten mining. There are 
•Editor, The Colliery Engineer. 
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also "Dont's" for operators and everyone else about a mine 
which to say the least are insults to average mining intelli- 
gence, but there are also some features in these various state 
laws which are goo<l and might be adopted more extensively 
to advantage. Copies of these laws may be obtained by writ- 
ing to the Secretaries of the various metal mining stales, and 
a proposed uniform metal mining law may be obtained by 
writing to James F. Calll)reath, Secretary, American Mining 
Congress, Washington, D. C. 
■ Inspectors have had laws enacted which proved burdensome 
without corresponding decrease in fatalities, they have also 
created considerable friction by their suggestions and demands 
for their enforcement, but, as a rule, when they receive their 
office by appointment, and ni.t by election, they work as har- 
nwHiiously with the oijerators as the nature of their oath will 
[wmiit. 

The selection of a state mine inspector is a matter of con- 
siderable importance as his first duty consists in providing 
for the maximum protection to mine workers. Violations of 
mine laws by oi>erator.s. mine officials or mine workers, where- 
by iht lives and health of men are jeopardized, must be 
])rosecuted, therefore a mine inspector must be conversant 
with conditions existing in mines, and besides having an ex- 
tensive practical ex(>erience must jKttsess moral courage and 
a mental temperament that will ensure llie avoidance of 
hasty and ill-.i<lvised action. 

If ins|>ection is to l)e proi>erly performed, competent in- 
spectors must be obtained free from any influence that will 
fletract from the powers vested in them. Tlie proper way 
in the writer's estimation to obtain competent insj)ection is 
by af^intment by the Governor, he however to be limited in 
his appointments to men who have passed a civil service ex- 
amination liefore an exanwning l)oard conii>i>sed of three 
mining engineers, three mine liosses and three miners. The 
examining board may select from the candidates who have 
[lassed both a written and oral examination with a i^ercentage 
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of 90, iliose who have temperaments and moral characters that 
may \k <lepen(le<I on and recommend them for appointments. 

In the anthracite fields of Pennsylvania men have been 
elected insiiectors not because of character or ability but 
because they were politicians. Most of those who vote for 
mine mspectors, being fanners, laborers, business and profes- 
sional men, are incompetent to judge as to the fitness of 
candidates for mine inspectors, in fact may never have seen or 
heard of them before their names were placed on the .ballot. 

This is not all, if an elected inspector wants to retain his 
office he must Ije "suave"; a "trimmer" at all times; spend 
most of his time electioneering for himself and party and not 
offend any of his constituents or they will defeat him at 
the polls. 

A good inspector should be kept in office so long as he 
is physically able to perform his duties, and if a poor in- 
S|)ector is appointed his removal sliould be recommended by 
the examining hoard that had him appointed. The con- 
stant cliange in inspectors made possible by the elective law, 
or by executive appointments, if not surrounded by civil ser- 
vice limitations, frecjuently makes the laws farcial to an ex- 
tent which gets on the public nerves, .-^fter following both 
the appointment and the election plans of creating inspectors, 
I am cf»nvinced that the plan here proposed will prove more 
satisfactory to miners, oi>erators and the public than any 
other that has been advanced. 

Large coal companies not satisfied with periodic state mine 
inspection, hire company insi>ectors who examine the mine and 
ai>i>liances and suggest both changes and improvements that 
make for safety. Provided the right kind of a man is em- 
ployed, a company insi>ector will save his wages readily by act- 
ing as an efficiency engineer. In positions of this kind only 
experienced men with liberal educatitms should lie employed, 
anci if a concern is not large enough to hire such a man two 
or three should club together for the purpose. That he may 
not conflict with the Superintendent and Foreman a perfect 
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uiiderstancling as to each one's duties should be stated in writ- 
ing. Further he is not to give orders either above or below 
ground and slionld write bis suggestions in triplicate for tbe 
benefit of the Manager, SuiJerinlcndent and Foreman. 

In the abeence of state mine laws to govern nietal min- 
ing, it certainly is advisable that the operator ap|X)int a safety 
committee, make a uniform set of mine rules, make use of 
danger signs, and also issue from time to time Safety Pamph- 
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lets for tbe miners all over the fields, calling attention to the 
accidents that have happened and bow they may be avoide<l. 

Where there are state mine laws both the miner and the 
curator must ol)serve tliem, and in addition the miner must 
abide by the rules of tbe company. It is undoul>ted!y true 
tiiat tbe number of accidents may lie decreased by united ef- 
forts to teacb tbe miners to care for themselves and by using 
strict discipbnary measures to regulate carelessness and eva- 
sion of rules. It is not enough to make one set of rules for 
the guidance of the miner, special sets of rules must be form- 
ulated for those men who follow distinctive lines of work in- 
side and outside the mine. 

In case of an accident the cause should be investigated and 
wherever possible a rule formulated in such a way that a sim- 
ilar accident will not l>e likely lo occur. Although this may pro- 
duce radical changes in the work and the discbarge of several 
men for infringement of the rules, nevertheless it has been 
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found to add to efficiency and eventually decrease accidents. 

The most <lifficidt cases to contend with will be those of 
old miners who have \\orked for years doing things certain 
ways. They are "bidl-headed" and will tell how long they 
have mined, etc. However, they must understand that 
they are to do things differently if they want to continue at 
work. Tliese men may purposely do things they are told in 
a wrong way, but a lay-off with the reprimand that they are 
not goo<l'miners will bring them to reason. 

In mining two parties are concerned in an undertaking in 
which a contract is implied if not si^ied, sealed, acknowledged, 
and recorded. Both miner and operator are under obligation."! 
by this contract to refrain irom doing or leaving undone those 
acts which will work injury to the other. This l>eing a rec- 
(^niwd fact the next step is for the contracting parties to 
work in harmony for niutuarbenetit, in other words, place 
confidence in each other. 

Mr. Tliomas Lynch, head of the H. C. Frick Coke Com- 
pany seems to have gained the confidence of his men, by 
appointing a safety committee of miners who investigate when- 
ever a miner anticipates danger and who immediately rec- 
ommend that comlitions lie made safe. A ctMiiparison I)e- 
tween the fatal accidents in Great Britain and the H. C. Frick 
Company per million tons of coal mined is 4.52 to 1.88, The 
H. C, Frick Coke Company pHxiuced in 1912, twice as much 
coal |>er fatal accident as the bituminous fields of Pennsylvania, 
Ohio. Illinois, and West Virginia, Tlie success of Mr. Lynch 
in decreasing accidents is <lue to his making the men respon- 
sible for them, and by the strict enforcement of mine rules. 

Michigan employed 31.584 melal miners in 1911, of which 
mmiber 134 were killed or 4,24 |)e'r thousand employed. 

Minnesota emjMoyed 16,548 metal miners of which num- 
Ijer 76 were killed or 4.59 out of every 1,000. 

As Michigan and Minnesota employ 29 per cent of the 
165,979 "letal miners in the United States it naturally fol- 
lows that there would be more accidents in these two states, 
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but we find on further analysis of the Census Bureau Reports 
that Hougiiton County. Michigan, had 563 deaths recorded 
during the period extending from 1894 to 19Q8, inclusive, yet 
in every one of these 14 years the death rate was less i>er 
thousand men employed than in the iron mines of the state. 
The average by counties was as follows : Dickinson County, 
4.01 ; Houghton County, 2.94, and Marquette County, 4.32. 

The writer has no statistics relative to the Minnesota Mine 
accidents for the 14 years mentioned, however, the data com- 
piled by Albert H. Fay and printe<i in the Bureau of Mines 
Technical Paper 40 is suflficient to show that the fatal accident 
list is much ttx) high being 4.59 per 1,000. 

Taking Mr. Fay's figures, the total number of fatal acci- 
dents in 191 1 in Michigan an<l Minnesota ore mines were 
157, while those seriously injured numbered r.839. These are 
tabulated for ready reference as follows: 

Accident Table Lake Superior Ore Mines 191 i. 

Percent SeriouBly Percent 

Cause. Killed. of total. Injured. of total. 

Falls of rock or ore 66 41 Oil 33 

Timber or hand tools 3 2 192 10 

EzploBlvea 13 8 45 2 

Haulage 4 3 392 21 

Falling down chute, or 

winze, raise or stope... 10 6 92 5 

Falling down sbatts 27 IT is 1 

Run of ore from chute or 

pocket G 4 70 .1 

DrilUng machines 132 7 

Electricity 1 O.C 2 ii.l 

Machinery other than drills 

and locomotives 5 3 GO 3 

Mine Area 8 5 

Natural gas I 0.6 

Miscellaneous 10 G 199 11 

Objects tailing down Bhaft^ 3 2 21 i 

HolBting rope breaking 1 o.G 1 o.l 

Orerwlndlng 4 0.2 

157 1,839 

It is customary for statisticians ti> tabulate accidents which 
occur (in the surface separately from those which iK-cur under- 
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ground and also to sitb-divide the accidents under headings. 
In the accident table, only underground and shaft accidents 
are given. 

In 191 1 there were 32,793,130 tons of iron ore and 10,- 
978.827 tons of copper rock mined in the Lake Superior re- 
gion, but for every 278,802 tons of ore raised one life was lost, 
and for every 23,802 tons a man was seriously injured. 

Accidents above ground seem to he due to carelessness, al- 
though fre(|uenlly it is commendable if misguided carelessness 
when to save |>roi>erty or time the employe risks safety. It 



Fig. 2. Safety Hooka 

should he thoroughly instilled into men's heads that no piece 
of proi>erty is worth so much as his hfe. Outside accidents 
happen through machinery; haulage arrangements, tramming, 
coupling and dumping cars; falls from headframe and stag- 
ing; while carrying tools or materials; into chute or ore bin 
and getting caught with running ore; and in getting on or off 
the cage or bucket at the surface. Overwinding is not so com- 
nK>n as it once was, since at a large number of small operations 
Humble or Akron safety or detaching. hooks have been adopt- 
ed and at large mines overwinding devices are used that take 
control of the hoisting engine if the engineer is incapacitated 
or fails to pay attention to the work or the indicator fails to 
register correctly. 
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That the top of all shafts, slopes and machinery is to be 
fenced goes without saying, and so far as my observation goes 
this is done at the Lake Superior mines without laws. Shaft 
gates should be arranged to open automatically whenever the 
landing is at the surface. Wliere, however, the landing or dump 
is above the ground, the surface gates should be kept locked. 
There is danger from pieces of ore falling from the dump 
where self-dumping cages and buckets are in use, and people 
should be warned from standing near the shaft collar when 
dumping is carried on above ground. Skips usually dump so 
far into the chute that with ordinary care no ore falls out- 
side the chutes. 

Getting off or en the bucket, skip or cage when in motion 
is a frequent cause for injury. No one should l>e allowed t') 



FiK. 4. Fuicy Skip Rldlns, Two Skips an One Rope 

ride on cages carrying supplies except the man in charge and 
he should be instructed how to fasten the material so it will 
not move on the cage or project beyond the sides. 

At a mine in one of the eastern states, the men ride ddwn 
the sloije on skips. In addition to their overcrowding the 
skip they ride on the outside and on the rope steadying them- 
selves by placing their feet on the, rail. While the si>eed of 
hoisting is not fa,st, there are any nunilier of chances for acci- 
dents. The number of men that shall ride in a skip or cage 
should be posted at the top and bottom of the mine and at 
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each level. The man that gets oil after this limited number 
is reached shonid be laid off and for a second offense dis- 
chargetl. 

Hoisting ropes shonid be inspected each morning before the 
men go dcwn and each evening before the men come up. This 
is readily done by letting the rope nm slowly through the 
glc\ed hands of two men. Ropes are subject to greatest wear 
near the cage fastenings and the clamps or sockets should be 
examined each mi rning and evening, also bridle chains should 
l}e nsed. Occasionaly a timber or tool may drop from a cage, 
etc., or a trammer may push a car from a level into the shaft 
and follow it down, or as in Colorado men may be killed by 
being struck uitli a descending cage or bucket; however, to 
guard against the numerous kinds of accidents that might 
happen in a shaft, rules should be |x:-sted stating what may not 
Ije done. It 's considered advisable to give publicity to shaft 
accidents and shrw how they may be avoided. This is best 
accomplished by an oi)erator's Publicity Pamphlet. 

One fruitful source for accidents in the Lake Superior met- 
al mines is falling down shafts. 17 i>er cent of the fatal ac- 
cidents l)eing due to that cause. Il is hard to account for this 
if the levels, statiour- and shaft collars are properly fenced 
and run-arinmds provided. It may jwssibly lie due to falling 
from ladders. It certainly is not due to overwinding or the 
hoisting ropes breaking, for such accidents are reported sep- 
arately. 

Tliere were iiircc killtd by objects falling down shafts and 
Ji injured. The table fails to s]>ecifically stale whether the 
objects were loose rock fri:m the sides iti the shaft or material 
falling fn m buckets, skip.s c.r cages overU>aded- 

In this coiniection no one should be i>emiitted to stand dl- 
rccilv under a shaft opening, and not close to the shaft on a 
level. The shaft walls slmuld lie examiue<l at regular intervals 
from top t(i bottom and locse rock taken down or timbers re- 
paired as delay may prove serious. Universal danger signs 
should be freely used lo warn people of a danger zone. 
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When shafts are being repaired, the men should be pro- 
vided with strong platforms braced rigidly to the top mem- 
tiers of the cage. A swinging platform below the cage is not 
r-aic. 

Falling down chutes, winzes, raises and slopes, killed 10 
and wounded 92 men, Ladders should be provided in raises 
and winzes and kept in repair. Chain ladders will be found 
serviceable in this connection and when provided with stretch- 
ers of great help in avoiding accidents. Hoisting men out of 
winzes by a windlass is not so safe as making use of ladders. 
In raises care should he taken to see that the timbers support- 
ing the staging have proper footings even if it recjuires cutting 
hitches. Chicken ladders well made will answer for stojw 
climbing if proi)erly fastened at ihe top and bottom. Where 
winzes connecting levels are used for ventilation and exit, good 
ladders sliculd he provided, all other oiienings on levels should 
be boarded over to prevent falls, and those used as traveling 
ways should be fenced on the up()er level. The number of 
winzes on each level ef|uipi>e(l with ladders will of course be 
only those used for traveling ways. 

When there is a ladder comijartment the ladders .should 
not have an inclination alxjve 60 degrees and should have 
substantial landings at 'east every 20 ft. The rungs of the 
lad{lers should be inspected and repaired quickly when broken, 
likely to break, i.-r missing. Men carrying more than one 
tool should not be permitted to climb ladders. At alwut 25 ft. 
from the surface a bulkhead shoukl be placed over the ladder 
compartment; from this bulkhead a level should \k driven and 
in the case of comparatively level surface ground a riser made. 
There are a number of reasons for this level among which are : 
prevention of material falling on men's heads; improved ven- 
tilation; in case of fire in the head house or near it. the men 
will not be overcome with gases, and l>esides forming a |>artly 
second ojwning it gives the men a chance to rest. 

While there were but four fatal haulage accidents in the 
Lake Superior mines there were 392 serious injuries. It would 
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appear froni this that more are injured by haulage arrange- 
ments in ore mines in proportion to the number of men em- 
ployed than in coal mines where haulage is longer and where 
many more cars are in use. There being no data to go by, 
the only suggestion to be offered is a warning to men not to 
ride on loaded cars or jump from moving cars. Rules made 



Fie. G. Cotlapiible Timber Derrick 

to cover haulage matters underground sliould tie strictly en- 
forced. 

As in coal mines it is found that rock-falls are the most 
prolific cause of accidents underground and the most diffi- 
cult to pi'event. The manager can go only so far as to funiish 
materials that men may protect themselves; however, with the 
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aid of inspectors men may be educated to protect themselves. 
In this connection inspection vviH disclose whether the sides of 
the level are in order, and another frequent source of injury 
will be removed namely falls of rock when traveling through 
levels. 

While there were three deaths from timbers and hand 
tools, 192 men were seriously injured by tliem. There is no 
branch of metal mining so important to successful operation 
as timbering and jxissibly no part of the industry has l>een 
neglected to such an extent as that of handling timber. Re- 
cently a c<,llai>sible timber setting derrick (Fig. 5) has been 
placed on the market and this may prove useful for raising and 
placing stnlls and stemples, also in placing collars in timber 
sets. The Eureka Timber Hook (Fig. 6) or "toad" for short. 



Fig. 6. Eureka Timber Hook 

may Ijc used on the emi of sticks to lift them or snake tiieiii 
along. Sometime probably small electric crabs will be de- 
vised to assist in handling timber in the mines ; then there will 
be fewer falls of timber and fewer injuries from tools, and 
falls fnsn staging. 

In the Lake Suiwrior region 13 were killed from explosives 
and 45 seriously injured, which shows that in this respect the 
operators are aware of the im]>ortance of projierly handling 
this material. In Colorado in 191 1, 43 were killed and 247 
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injured by explosives, and in 1912, 47 were killed and 435 
injured. Some of the conunon accidents result froni thawing 
dynamite over a candle, in a stove, by using too hot water w 
placing it on too hot sand; picking out missed shots; drilling 
into missed fire charges; using metal tools for ramming 
chai^-es in holes; remaining too l<xig after lighting fuse; re- 
turning too soon after blast had been lighted ; flying rock from 
blast, men not being in place of safety; explosions from un- 
known causes; picking or mucking dirt in which was unex- 
ploded powder or caps; carelessness in handling and carrying 
caps and drilling in blownout shot holes. 

Underground magazines are unsafe. Within the past few 
years one blew up in Park City, Utah ; another on Treadwells 
Island, Alaska, and one in California. There have been oth- 
ers likely. No definite reasons for these explosions have been 
advanced, although hghtning went down the same coal mine 
twice in two years and exploded black powder, also dynamite 
in holes which were connected to a battery. 

Quite a number of accidents both fatal and non-fatal occur 
in chutes where men get drawn in when starting the ore run- 
ning after a jam. This can be avoide<l by the use of ladders 
outside and inside the chute but not where a man stands on 
the ore and tries to bar a hole from above or gets below the 
jam and starts to make it move. Lake Superior mines are 
not alone in this matter of chute accidents inside and outside 
the mine, and some means should be devised to prevent them, 
for so long as rock will jam and arch, the chutes must be 
barred. A few dollars expended on a chute might possibly do 
away with these accidents. 

While no fatal accidents are recorded from drilling ma- 
chines 132 serious injuries are recorded. It is sometimes hard 
work to haul machines up a stope and sometimes difficult to 
keep them there, consequently every man for himself on this 
proposition until soine one devises a remedy. Machinery other 
than drills and locomotives is responsible for the deaths of 5 
and the injury of 60 men. Not knowing the kind of ma- 
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chines connected with these accidents, one naturally wonders 
how itien got against theni or into thein if they were fence<l 
as machines should be. 

Mine fires are miserable affairs and have caused great dam- 
age and expense more particularly in metal mines. It is pos- 
sible that most of them can be avoided by using foresight, 
making rules and demanding their rigid enforcement. No 
steam pipes or electric wires should be allowed to cwne in 
contact with mine timbers. Miners should not be permitted 
to leave their candles or lamps burning in the mine, and 
should not attach them so close to timbers that the flames 
will scorch. Punk easily catches fire and in course of time 
creates a blaze. Pyrite can be ignited for which reason the 
lamps should be as carefully kept from pyritic rocks as from 
wotxl. Old timbers which have been replaced by new ones 
or are no longer needed should be removed from the mine. 
The reasons are they may trip some one, they are liable to 
catch fire; they will transmit fungii to sound timbers and will 
vitiate the mine air. 

Rules of the mine should Ije printed and each man pre- 
sented with a copy. Shaft ndes and signals should be posted 
in the shaft house and at the landings. 

To protect life and avoid accidents all hands frcmi the man- 
ager to the nipper should regulate their actions to conform to 
the rules of the mine and neither do or leave undone anything 
liable to cause an accident. 

The Prevention of Overwinding. 
A device to prevent overwinding demands that the control 
of a hoisting engine be taken out of the hands of the en- 
gineer if the cage passes a certain point, say 3 or 4 feet above 
the landing. Such a device must shut off the steam and apply 
the brake instantly so that the cage shall not travel more than 
from lo to 15 feet before it is brought to a stop, and held in 
suspension above the shaft. C. R. Welch has made a simple 
device of this kind which consists of a few valves, levers, a 
ram, some pipes and a weight. 
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There is a revolving hub having projecting amis which 
travels to the right on a threaded shaft when the cage is as- 
cending and to the left when it is descending. The length 
of the horizontal movement of the luib is proportioned to the 
exact distance frcan the bottom to the top landing, and should 
the cage travel 3 or 4 feet alx)ve the top landing, the arms on 
the revolving hub will strike a lever which opens a vah'e and 
sends steam to a ram whose piston puts on the brake and closes 
the throttle almost instantaneously, thus preventing ovenvind- 



Fig. 7. Overwinding Device. 

ing. The engineer has no volition in the matter, the control 
of the engine is out of his hands, and before he can recom- 
mence hoisting he must reset the device which prevents over- 
winding. 

There is a regulator on this machine which, should the en- 
gineer fail to slow down as the cage reaches a certain point 
near the top of the shaft, will by the increased si>eed of rota- 
tion raise a weight and shut off the steam, also apply the brake. 

The ajjjKiratus which is shown in Fig. 7 occupies little 
space on the floor and is a positive check on overwinding. The 
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only p<,'ssible way to prevent its stopping the engine in case of 
overwinding would be to shut the steam off from it. Its very 
simplicity recommends it. When hoisting in balance, tlie two 
drums being fixed on the same shaft, hut one overwinding de- 
\ice is needed because lx>th cages travel sjwcified distances rel- 
ative to each other. 

If, however, one drum is fixed and the other loose, or if 
drums are loose on the sliaft to hoist from different levels, two 
devices are rec|uired. one for each drum. The drum shaft is 
connected to the overwinding device by a sprocket chain, and 
the regulator to the overwinding device by another sprocket 
chain. In case the drums were loose on the shaft tlie over- 
winding spriKket would l)e fastene{l to the, drum. 
S.'VTETY Gates for Shafts. 

To prevent shaft accidents at the surface a gate of sim- 
ple ciinstruction is used by the D. L. & \V. Coal Company, 
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that may be raised or lowered into ixtsition before the shaft 
oi)ening, by the cage as it coines to or leaves the surface land- 
ing. (See Fig. 8). It is a double gate, that is. it is constructed 
the same for each si<le of the shaft and is raised by the top of 
the cage .striking against the two wooden cross pieces "A" fast- 
ened to both gates. 
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Fig. 9 shows the gate raised. Two iron guide rods "B" 
one each side of the gate keep the gate from swinging or sway- 
ing when the cage strikes the cross beams and also causes it 
to seat properly. To take up the shock of seating there are 
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two coil springs "C" which answer every purpose. Because 
the ends are boarded there is no way for a person to fall into 
this shaft unless he climbs the gates. 

Another safety gate is shown in Fig, lo. This gate is used 
at Pennsylvania Coal Company's No. i Dunmore shaft where 
the landing is on a high steel trestle and landers must at times 
cross the cage opening. The horizontal gate is raised and 
lowered by the top of the cage and both gates are always 
over the openings except when one of the cages is at the land- 
ing. The shaft collar at the surface of this mine is fenced on 
four sides and these fences must be removed by some one in 
authority before a person could fall down the shaft. It will 
be noted that these gates are worked automatically so that 
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only some one vested with authority to make use of the cage 
can raise them. 

The shaft gate shown in Fig. 1 1 is in use at the Strong 
shaft, Victor, Colo. The bar "B" is made of 4 in x 8 in. tim- 
ber or of any other convenient size. It is pivoted at "H" by 
a bolt upon the head-frame leg "A" and at the opposite end 
fits into the rest or catch "G" of J4 in. x 3 in. iron. "F" is 
a counterweight of the proper heaviness and distance from 
"H" to permit of the gate being raised or turned on the pivot 
"H," by a very light upward pull. 

Suspended from the bar "B" by means of the rods "D," 
etc., is the lower I>ar "C" \Vliich may be made of lighter ma- 
terial than "B." The rods "D," etc., are flattened at the wp|xrr 
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and lower ends and bolted to both "B" and "C" so that they 
may turn freely. 

Attached to the inner side and on the left end of the bar 
"C" is a s]otte<l plate of thin iron, through which the bolt 
"K," set in the leg "A" passes. 

When the bar "B" is raised by an upward pull near "G" 
it revolves on the bolt "H," and rods "D," etc., turn on their 
upper and lower pivots and the plate "E" turns downward on 



Fig. 12. Shaft GaU Lockine Device. H. C. Frick Coke Co. 

the bolt "K," tJie whole gate being raised and folded like a fer- 
ry boat gate. The arrangement is verj- simple and can be made 
by any mine carpenter at a reasonable cost. 

As gates of this description can be interfered with, the 
H. C. Frick Coke Company have adopted safety catches and 
l<K-king device. 

Witii the shaft gate locking device shown in Fig. 12, it 
is impossible to open the gate in the railing about the top of 
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the shaft unless the cage is there. The latch can be raised 
only by a system of levers operated by a handle extending 
through the fence just beside the gate; and it is only when 
the cage is in position at the surface that the proper bearing 
is afforded to the levers so that the latch can be lifted. On 
the shaft framing at the ground level is fastened a horizontal 
plate — an L-sbaped lever turns about a pin in this plate. Tlie 
lever arm is ordinarily back from the shaft out of the way of 
the cage, but when the cage is present one ami may be turned 
so as to l)ear against the side of the cage; the other arm being 
connected by a straight rigid link to the lower end of an up- 
right lever, to the upjjer end of which is fastened tlie rod 
and handle to o|>erate the gate latch, and which ordinarily, 
wlien the cage is not present, turns about a pin held by a 
heavy weight about lo inches from the lower en<l. If now 
the upright lever is pulled with the cage away from the land- 
ing the L-shaped arm is simply turned forward and one arm 
extends out over the shaft; but if the cage is present the L 
arm can turn only luitil it hits the side of tlie cage when the 
lower end of the upright lever is prevented from further move- 
ment by the rigid link and the weight is lifted by any further 
pull. The gate latch is connected by a simple system of levers 
to this weight, hrlding the gate l<K"ked e.xccpl when this 
weight is moved by the lever only when the cage is present. 

It is proposed to connect this device also to operate a car 
stop so that it will not be piissible for a car to run to the 
shaft except when the gate is o]>en, the cage in |>ositi(>u and 
ready for the car. The car slop prevents heavy cars from 
running into the gate. 

The D. L. & W. Coal comjiany have a combination of a 
gate which is lifted up by the cage and for a special reason 
can be made to swing open when the cage is not at the land- 
ing. It may be understood that in some instances this double 
arrangement may be valuable but as a rule the positive oi>cn- 
ing and shutting of the gate by tiie cage will prevent acci- 
dents. 
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The writer has been unable to find or hear of any auto- 
matic shaft gates used <mi levels underground. In the an- 
thracite fields the gates on levels swing on hinges, and are op- 
erated l)y the lander who opens and shuts the pair on his side 
of the shaft and by the loader who does the same on his side. 
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CONCENTRATING AT THE MADRID MINE. 

BY BENEDICT CROWELL, CLEVELAND, OHIO. 

The Madrid mine, Virginia, Minn., has an output of about 
400 ton^ per day. The ore reciuires concentration to pro 
(luce a comnierciai grade, both as to the chemical analysis 
and the [rfiysical structure of the ore. The problem of cheap- 
ly concentrating this small output seems to have been suc- 
cessfully met by the introduction of the Wetherbee concen- 
trator, which has been working sucessfuUy for some time 
past. 

The concentrator is installed in the headframe, just be- 
low a pocket which receives all of the material that passes 
through a one-half inch screen. This amounts to about 50 
per cent, of the ore hoisted. The coarse ore does not require 
treatment, and goes direct to the shipping pocket. The con- 
centrator receives the material that has passed through the 
one-half inch screen, and discharges the concentrates which 
have been unwatered by a perforaied bucket elevator into 
the same pocket tliat receives the coarse ore. 

The concentrator is 3 feet in diameter, and is 6 feet high. 
It requires less than i horse power to operate and receives 
6.5 gallons of water per minute, the water being puni|)ed as 
needed from the sump in the mine to a small storage tank in 
the headframe. It is oi)erated less than one-half of the time 
to take care of the output of the mine, and retjuires only one 
man in addition to the regular lander. 

The output is desirable, Itoth as to analvbis and structure. 
It carries less moisture than the original ore, as all of the ma- 
terial that has been removed will pass through a 100 mesh 
screen, and this material increases the jjowcr of the ore to 
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hold nio'stiire. Tlic concentrates average about 57.50 per 
cent, iron, and the tailings alxmt 40.00 i)er cent. iron. The 
recovery is alK;ut 84 |)er cent, of the material treated, or 92 
]}cr cent, of the total hoist. 

The machine consists of a cylindrical drum and a cylin- 
drical cas'nfj, the axis of the drum and of the casing Ijeing 
concentric and vertical. The drum is driven from above, 
and is :iiade with two compartments, the lower of which is 
an air chamber that causes the dnmi to just float in water. 
The npijer compartment receives the material to be washed, 
and discharges it by centrifugal force through openings into 
the aiinilar -space between the drum and casing. The cas- 
ing has an o\'erflow launder at the top, and is b<;Ited at the 
bottom to a water tight compartment, that is connected with 
the hoot of the elevator. The water required enters at the 
base of the machine, and rises through the annular space l>e- 
tween the revolving drum, and casing, and discharges into 
the overflow launder at the top of the casing. 

The princi]ile of the machine is based on the following 
theory: Supposing a particle of ore and a particle of quartz 
were allowed lo settle in still water for a certain lengdi of 
lime, and that the particle of ore settled 4 inches, while tlie 
particle of quartz was settling 2 inches — it is evident that in 
order to separate these two particles by an upward flow of 
water, that a velocity of somewhere between 2 and 4 inches 
would be rei|uired or, say 3 inches a second. Assuming that 
these same two particles were |)laccd in the machine, and the 
revolving drum given such a velocity that the quartz ()ar- 
ticlc remained in sus]jenston. traveling in the same horizon- 
tal plane, the ore i>article, in the same length of time, woulil 
settle, say I inch. It is then evident that the slightest upward 
flow of water would wash out the particle of quartz, and 
would still allow the particle of ore to settle and that wc 
have secin-cd the same result by the use of the machine with 
an upward How. of say, one sixteenth of an inch a second, 
that ue did before with a flow of 3 inches a second, or in 
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otlier words, with the use of one forty-eighth of the amtntnt 
of water. The fact lliat the whirling current can be con- 
trolled imlqwndeiit of the velocity of the upward rising cur- 
rent allows an exact and independent control over the ma- 
terial that goes into the overflow or into the concentrates 
hy changing either the speed of the drum, or the amount of 
water used. 

The capacity of this machine has not yet been tested at 
the Ma<lrid mine, owing to the inability of the mine to hoist 
enough ore to make such a test. Twenty-five tons per hour 
has been put through, however, which is equivalent to say, 
500 tons ijer day. The larger size machines, now being con- 
structed, win greatly increase this output. 

The Wetherbee concentrator was designed primarily to 
treat iht sandy ores on the Western Mesaba range, and a 
number of tests have demonstrated that these ores can be 
concentrated up to nearly 60 per cent., the tailings consisting 
of fine material, that will pajs through a 100 mesh sieve, 
running alx>ut 40 per cent, in iron, in other words, material 
that would make flue dust. 
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MINING METHODS ON THE MISSABE IRON 
RANGE. 

BY COMMITTEE, CONSISTING OF WILLARD BAYLISS, E. D. m'nEIL 
AND J. S. LUTES. 

The ore bodies of the Missabe Range are essentially flat 
deposits, of great area as compared to their depth. As an 
illustration, one of the larger deposits, located near Chisholm, 
has Ijeen proved l)y the drilling on contiguous forty-acre tracts 
to l)e two and one-half miles in length, and to average three- 
quarters of a mile in width. Within this area, however, there 
are some isolated barren portions where ore concentration has 
not taken place. This ore body is overlaid in some places by 
slate or taconile and glacial drift; in others, by glacial drift 
alone. The average of 202 drill holes through to the bottom' 
of the ore was 58 ft. of ore and 76 ft. of glacial drift and 
rock alxjve. The depth of ore ranged from 5 to 243 ft., while 
the glacial drift and rock ranged from 11 to 215 ft. 

Taking the whole range into consideration, it may be said 
that the ore bodies are generally less than 200 ft. thick, with 
a maximum of 500 ft. 

Mining Methods in Present Use. 

There are three general methods in use at the present time 
in mining these ore bodies, v^z: 

1. Umicrground Mining — The ore being mined by hand 
and hoisted through a shaft, the underground openings being 
supported by timber. 

2. Open Pit -1/iH('«g— Where the material above the ore 
botly is first removed ami the ore then mined by steam shovels 
and loaded direct into standard-gauge railroad cars. 

3. Milling-Pit Mining — A combination of the two for- 
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nier nietliods, the material above the ore body beings first re- 
moved, after which the ore is mined through underground 
openings and lioisted through a shaft. 

Selection of Method of Mining. 

Tlie selection of the method of mining to be adopted in- 
volves a great many considerations and calls for experienced 
engineering and business judgment. Regardless of the meth- 
(hI to Ije adopted, its selection should be preceded by thorough 
drilling to determine the limits and size of the ore body and 
the grades of the ore. Maps showing the top and bottom con- 
tfHtrs of the ore, and cross-section maps shownig relative 
thickness of stripping and ore are indispensable. It is not 
the intention of this i>ai>er to go into the subject of the costs 
of mining, but in order to show the basis on which calcula- 
tions are made, we quote the following from "Iron Mining in 
Minnesota." by Charles E. Van Earneveld.* 

"Operating EsUinatcs — When a property has been drille<l 
and estimated, the engineer makes further estimates to de- 
tennine the method of mining l>est suited to the ore bo<ly 
tinder consideration. The following basis has been estai)- 
lished for comparison of underground and oijen pit mining 
cost.s : 

Table No. i. 

Stri|)ping ordinary glacial drift, 30 cents a cubic yard. 

Slri]>ping ordinary jxiint-rock, 30 cents a cubic yard. 

Stripping ordinary broken taconite, 75 cents a cubic yard. 

Stripping ordinary solid taconite, $1.00 a cubic yard. 

Steam shovel mining, ordinary ground, 15 cents a ton. 

L'nderground mining, ordinary conditions, 75 cents a ton. 

One cubic yard of i>re is roughly 2 tons. 

S<;metimes a glance at the ore estimate will suffice to clas- 
sify |Kirt or all of an ore JKidy. Often a calculation must be 
nia<ie as exeniplitied by this case: .A drill hole shows 50 ft. 
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of ordinary glacial drift and paint rock. 15 ft. hard taconite, 
36 ft. merchantable ore.. All other things heing- equal, is this 
an open-jKt or an underground proposition? 

Reducing the consideration to a column of one yard square 
at the drill hole, a comparison may be made using the data in 
Table No. 1. 

Underground Mimttg — 
Cost of mining a column of ore i yd. square and 36 

ft. high at 75 cents a ton (i cu. yd. equals 2 tons), 

36/3X2x$o.75= $18.00 

Open Pit Mining — 
Stripping a column i yd. sq. and 50 ft. high of glacial 

drift at 30 cents a cu. yd., 50/3x10.30^ 5.00 

Stripping 15 fl. solid taconite at $1.00, i5/3x$i.oo=:.. 5.00 
Steam shovel mining 36 ft. ore at 15 cents per ton, 

36/3x2x$o.i5^ 3.60 

Total cost of open pit work $13 to 

Difference in favor of open pit 4.40 

This offers a ready methtxl of preliminary conii>arison tu 
be supplemented by more exact figures when special con-sid- 
erations enter. It is of course understood that such ques- 
tions as adverse or favorable topography, accessibility of dump 
room, quick-sands, swamps, etc., have a s])ecial bearing on 
each individual case that does not admit of generalization. 

The economical limit of stripping is at present considered 
to be within the following proi>ortions : 

1 . One yard of overUirden to i ton of ore. 

2. Not to exceed 2-ft. depth of overburden to i-ft. deptli 
of ore. Hard slates and taconite c(.)st from 2 to 3 times as 
much to strip as ordinary glacial drift and it is customarv 
when applying these figures to consider i ft. of such nn- 
terial as e(|ual to 3 ft. of overburden, 

3. A maximum stripping depth under any considerations 
of 150 feet." 
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In general, underground methods are used for those ore 
l)o<lies lying under slates or taconite, or deep glacial drift. It 
is an alternative method, adopted only when the other two 
methods are out of the question. About the only considera- 
tion in its favor is that production can be obtained quicker 
and with less initial cost than with the other methods. 

Open pit mining is used for the larger bodies of ore lying 
under comparatively shallow surface material and where the 
operating ctanpany is able to make the lar^e initial expendi- 
ture in stripping. Besides permitting the lowest operating 
cost, it has many other advantages. The capacity for pro- 
duction from an open pit is enormous as ccmipared to a shaft. 
One forty acre tract opened up as an open pit, provided tlie 
approach can lie on adjoining land, operating with two shovels 
and five locomotives, can send forward 9,000 tons daily, while 
the same area being operated as an underground mine, hoist- 
ing through one shaft, would ordinarily produce alxHit 2,000 
tons daily. 

The milling pit method of mining is adc^ed generally for 
the smaller bodies of ore lying under coniparatively shallow 
surface material. The amount of initial expenditure for 
stripping is much less than for an open pit, where the cost of 
the approach is a large item. The cost of production from 
a milling pit lies between that of open pit and underground 
mining. 

Underground Mining. 

There is one pre^-ailing method of underground mining in 
use on the Missalw Range at the present time. This is the 
Top Slicing or Caving Method. The main points of this 
method are as follows : 

A top slice over the whole area of the ore body is re- 
moved, using timber to the full height of the ore. As fast 
as the various rooms of this top slice are worked out. the 
Ixrttoms are covered with boards, and the timber is blasted 
down, allowing the oveti>urden to cave and fill up solidly the 
space formerly occupied by the ore. 
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When the top slice is out, another slice over the whole 
area is taken out just below it, also using timlier the full 
height of the slice, up to the boards of the slice above. Rooms 
are blasted in as fast as they are m:necl out and the ca^■e fol- 
lows. Successive slices are taken in like manner to the bot- 
tom of the ore body. The use of timber to the full height of 
the ore in each slice, thus insuring a very high percentage of 
extraction, is the most important feature of this method. 
The cross-cuts to the various rooms are always in solid 
grotmd, providing a safe retreat for the miners. 

The genera! practice in opening up and mining an ore 
Ixxly to be worked on the Tc^ Slicing system may now be 
briefly considered. 

She and Location of Main Shaft — For an ore Ixxly of 
considerable size, a shaft 8 by 20 ft. outside is largely used. 
There are two skip compartments, 5 by 6 ft., and one ladder 
and pii>e compartment, 6 by 7 ft, with 6 in. dividers. The 
sets are of 12 by 12 in. timber. The shaft is located near 
the deepest part of the ore body, either in the ore itself or 
in the adjacent rock. From this position the drainage of all 
the ore to be mined through the shaft may be taken care of. 

Timber Shafts — Usually the sinking of a limber shaft, 
somewhere near the main shaft, is begun at the same tinv; 
as the latter. From one to three additional shafts, dependinjj 
on the size of the mine, are sunk at advantageous points. The 
size may be G ft. square, or 6 by 9 ft. 

Location of Main Drifts — .\ close study of the bottom 
contour map is necessary to decide this point. Where the 
drilling has been sufficient, one or more troughs of deep ore 
will )x found running through the ore body, generally from 
northwest to southeast, or from west to east, with the deeij- 
est oart of the trough at the easterly end. It is in these troughs 
that the main drifts are located. The chief considerations are 
to have them near the bottom rock and still have them ex- 
tend as near to the limits of the ore botly as possible. The 
idea is to make the motor tramming long and the hand tram- 
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ining short. When an ore body is 50 ft. thick or more, if is 
good practice to locate the main level high enough up in the 
ere body so that it will extend a considerable distance from the 
shaft, another main level being opened up nearer the bottom 
later. If the ore trough is wide enough, two parallel drifts, 
from 60 to 100 ft. apart, are driven, connected by a loop near 
the shaft. The advantage of two drifts is in opening up the 
ground quicker for drainage; small drifts across connecting 
them improve the ventilation; if one strikes rock unexpectedly 
it can be discontinued temporarily, while the other continues 
ahead, from which exploration of the rock encountered can 
be made. The main drifts are timbered with sets 5 ft. apart, 
using 8 or 9 ft. posts and 10 or 12 ft. caps, with lagging 
over the back. Vertical raises, 4 ft. square and without crib- 
bing, are put up every 50 ft. along the main drifts and car- 
rietl up to the top of the ore. 

Top Sub-Level — (See Fig. i, which also shows plan of 
main drifts and raises..) The Top Sub-Level is located at 
such an elevation that the average height of the ore to be 
removed will be from 12 to 14 ft., so that most of it can 
be taken out with drift sets. From each raise 5 by 6 ft. drifts, 
untimbered, are driven parallel with each other and at right 
angles to the main drifts, until they reach the limit of the 
ore body or the boundary line of the properly. Here the stop- 
ing or slicing of the ore begins. 

Slicing Details — Fig. No. 2 shows plan of two adjoining 
rooms each 50 ft. long and 1 5 ft. wide, opened up at the bound- 
ary line, together with a cross-section through one of them. 
When the boundary line was reached by cross-cut No. i, the 
first drift slice was started by blasting c^it all the ore at set 
marked Nol i, and sets of timber, (12 ft. posts and 7 ft. caps), 
with the caps parallel with the cross-cut, put in place, using 
6 ft. lagging overhead. Set No. 2, also in the cross-cut, is the 
next to l)e taken and securely timbered and spragged, thus 
making the entrance secure. These four sets of timber at the 
entrance of the two slices of a rocMn or stope are usually re- 
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ferretl to as the 'open sets." The first slice on the long side 
of the 50 ft. room is now completed by taking out sets 3 to 
9. The track is continued from the cross-cut into this slice 
as it advances. The next sets to be taken out depend upon 
whether the timber is taking much weight or ncrt. If it is not. 




s'."ts 10 to 16 are consecutively minetl out, completing the long 
side of the room. The short side of the room is now taken out 
in the order indicated (sets 17-18-19-20), On the other hand, 
if the room is heavy ami timl)ers are taking considerable 
weight, the order of removing the sets must be dianged. A 
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s:ife exit for the miners must be maintained and it would 
lie inadvisable to weaken the entrance to the room by taking 
cut set No. 10 at this time. The shce would be worked out 
irom the far corner retreating toward the cross-cuL Instead 
01 taking set No. 16 first, however, the miners make their at- 
tack on set No. 15, because it would blast out a little easier 
- iind there woukl be more room for them to shovel into the 
tiam car standing on track in set 7 or 8. Therefore the se- 
<|uence of sets taken out woukl be 15-16-14-13-12-11, Set 
No. ID is left standing to protect the entrance while the short 
side of room (sets 17-18-19-20) is next mined out, and is 
the last set to be taken. This order of working out a room is 
not invariable, many changes being made depending on dif- 
fering conditions. Under a strong back, or with solid ore 
on lioth sides of a room, the ore would be taken out two sets 
wide from the cross-cut back to the far end. Again, when 
the preceding room has not filled up sohd with the cave, sets 
iO to 16 woidd I)e taken first, leaving one set of solid ground 
against the unfilled cave, after which sets 9 back to 3 would 
be taken. 

The reason for having a long side and a short side to a 
room is that only one set of curved rails need be laid to gel 
tiani car to convenient shoveling distance for all the sets. The 
track is laid in only one of the slices. The ore from the short 
.side is shovelled into car standing in the cross-cut. 

When a room is worked out, the side and ends next to 
the solid ore are boarded up with cull boards to prevent the 
sand from mixing with the ore of the next room when it is 
mined. The bottom is also covered with boards if there is a 
slice to l)e taken out underneath. The double row of posts 
in the center, and those along cave side, throughout the length 
of the room, are blasted out and the caved ground follows 
and fills the room. There is usually no difticulty at this point, 
the room soon being filled up solid against the boards so that 
another slice may l)e started alongside after a few hours. 

The height of the ore on the top sub-level varies consid- 
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erably on account of the rolling back. The length of posts 
used in the successive sh'ces must be changed accordingly. Tlie 
hmit to successful slicing with drift sets is reached when 
posts 16 ft. long are necessary. Rather than use such long 
posts to any considerable extent recourse is usually had to 
using square set timber, two sets high, which would take out 
the same height of ore. 

Square-Set Slicing — In the cross-section in Fig. 2, a test 
raise is indicated which shows a roll in the back making maxi- 
mum height of ore 26 ft. above the tc^ sub-level. Rather than 
open up a sub-level of very limited area in the upper half of this 
roll, in order to remove the ore with drift timljer, it is the 
usual practice to mine it all out on square-sets. The change 
from drift slicing to square-set slicing would begin where the 
height of ore shows 17 ft. TTie first square-set slice would 
be taken in the solid, that is, leaving one set of ore standing 
between it and the last drift-slice. This is to insure getting 
the line of the square sets straight and at right angles to the 
cross-cut. The two sets in height of this slice are both mined 
out and timbered as the slice advances. The pillar left stand- 
ing next to the drift-slice is then mined out and timbered, the 
order of removal of the sets depending on whether the ground 
is heavy or not. The long side and the short side of the room 
l>eing mined out, the side and ends next to ore are boarded up 
in same manner as a drift slice, except that lagging instead 
of boards is used on the bottom set. This is because they are 
stronger than boards and there is more pressure from the cave 
on account of room being higher. The span between sets is 
also greater. The rooms are blasted in as soon as the tim- 
bers show that much weight is on them which usually occurs 
when they are two sets wide. The blasting is done in such 
a manner as to leave the timber undisturbed which stands 
against the solid ore. 

In the succeeding square-set rooms the first slice is taken 
out along the cave, the caps connecting with the timber of the 
previous room. There are usually 5 sets on one side of the 
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cross-cut. and one set on the other, which, with the set occupy- 
ing the cross-cut itself, makes the total length of room 7 sets 
or 51 ft. 8 in. A cap of odd length is used in connecting the 
timbering of rooms joining each other on their ends. 

Bottom posts are 8 ft, over-all, with 4, in. tenon. Regu- 
lar top-posts are 8 ft. over-all with two 4-in. tenons. Top- 
posts of lengths varying from 4 to 12 ft. are used on the 
top set where the back is irregular. The regular cap is ^ ft. 
long. 

There is very little square-set slicing <m the Missabe 
Kange at the present time exceeding four sets in height. 
Higher than this a great <leal of trouble is experienced in 
keeping the rooms in shape on account of the pressure of the 
caves. Where the ore on the top sub-level is found to exceed 
this height it is divided by opening up another local sub-level 
and mined out \*ith drift timber. 

Square-set slicing should be distinguished from the well- 
known square-set system of mining, where alternate pillars of 
ore were left standing between large square-set rooms, to be 
mined out after the latter were caved and filled. 

Prop Slicing — There are extensive stretches of ground in 
many of the Missabe mines where the ore is overlaid by firm 
taconite or slate. In such cases the top slice can be taken 
out with the use of props, spaced irregidarly as required. The 
maximum height of props used is 20 ft. Often the ore does 
not exceed this height and, consequently, can all be mined 
out in one slice. Where such conditions occur the cost of 
mining is considerably lessened. 

Second and Loivcr Sub-Lcvcis — When the ore in any part 
of the top sub-level has been mined out back to 20 ft. from 
Ihc raise from main level drift, a second sub-level is opened- 
up by starting anotlier cross-cut from the raise, directly iin- 
<ler the one alx>ve, and of the same dimensions, 5 by 6 ft. 
Parallel cross-cuts on the same level are driven from each 
raise as other places above are finished. The distance below 
the bottom of the top sub-level at which these cross-cuts are 
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started depends on the total thickness of the ore down to the 
main level, measured frran bottom to bottom. This total 
height is divided so that the sub-levels will be from 11 to 15 
ft. high. Where 11 ft. must be selected there would be 5 
ft. of solid ground over the back of the second sub-level cross- 
cut up to the boards of the top slice above. The ground is 
usually firm enough so that these cross-cuts will stand with- 
out being timbered. They are driven to the boundary line 
or until they strike the bottom rock, when slicing logins and 
is carried on in the same manner as on the top slice. The 



Top Slicing at Edn of Leonard Open Pit. 

rooms are timlwred right up to the bottom boards of the slice 
above. 

In conclusion, the Top- Slicing or Caving method of min- 
ing can be adapte<l to all conditions met with in underground 
mining on the Missabe Range. It is favored alike by fee- 
owner and operator, for in these days of rapidly diminishing 
ore reserves, wasteful methods of mining are no longer toler- 
ated. In any method of mining, the safety of the miner should 
be the first consideration ; the conser\ation of the ore, the sec- 
ond. This system has botli of Iheni to recommend it. 
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Open-Pit or Steam Shovel Mining. 

Open-pit or steam shovel mining applies to that system 
of mining where the ore from an open pit is loaded by steam 
shovels direct into railroad cars. It has been likened to load- 
ing a stockpile, beginning at the top. 

The first shipments from some Missabe Range mines have 
been fully as simple as stockpile loading but as depth is 
reached, approaches, grades of incline, and lay-out of tracks 
to reach the various parts of the ore body require skillful en- 
gineering. 

As mentioned elsewhere in this article, this system is the 
cheapest method and is adopted wherever it appears prac- 
ticable. Recent practice shows the use of open-pit mining for 
ore deposits that were formerly considered underground prop- 
ositions. In fact, some mines that were opened as under- 
ground propositions have been changed to the open system, 
notwithstanding the fact that a considerable tonnage of ore had 
already been removed and that stripping and mining both 
presented conditions less favorable than before underground 
mining was undertaken. 

Among the mines originally operated by underground 
mining and later changed to open-pit methods is the Com- 
modore Mine at Virginia. It consists of one forty and is sur- 
rcqnded by the Lincoln, Union, Lone Jack and Missabe Moun- 
tain properties. Seven hundred thousand tons had be^n 
mined through underground operations when it was decided 
to change to open pit mining. Adequate and suitable dump- 
ing grounds were difficult to obtain and to complete the strip- 
ping necessitated dumping 800,000 yds. on the Commodore 
forty, over one-half of which composed the stripping area of 
tlie open pit. The waste dump finally reached a height of 87 
ft. and the height from top of ore at deepest stripping pCMiit 
tc top of dump was 201 ft., showing that some of this strip- 
ping material was elevated in its transportation 201 ft., which 
vas aca>inplished without going off the mine forty, except at 
the ends of two tail tracks where they ran on to adjoining 
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[.niperly. Tlife tracks f roni' sliovel to dump consisted of four 
switdi-backs on a 5 per cent grade. 

The e(|uii>iiient was standard gauge dump cars and Sliay 
geared locomotives of eighty tons weight on drivers. These 
locomotives are slower than the rod engines but have more 
tractive jvcwer, particularly on starting their loads on heavy 
grades and curves. In mining at this property both the rod 
type and Shay geared locomotives are used and a comparison 
of the two types under similar conditions shows the rod en- 
gines more satisfactory 011 good tracks and low grades, but on 
grades over 3 ]>er cent and particularly where necessary to 
SLart the loads on heavy grade the geared locomotives had 
the advantage. 

Limited area, depth and shape of ore deposit, yard facilities, 
tic. have made conditions at this property for steam shovel 
iviining more severe than most open pits on the Range. The 
accompanying map s'hows the surface and pit lay-out. The 
approach is laid out on a 3 per cent grade which is equahzed 
lo allow for resistance on curves. During one season con- 
siderable loading was done on a 7 per cent grade, the Shay 
locomotives being able to start and liaul three loads and the 
rod engines two loaded ore cars of forty tons each. A ifw 
years ago it was the practice to lay out open pits with gradi-s 
not over two and one-half per cent, and with curves not ex- 
ceeding twenty degrees. While it is very desirable to keep 
within these limits of grades and curves, nearly every mine 
lias found it i>ossible and necessary to exceed practical rail- 
road conditions. 

The actual loading of the ore by steam shovels is prac- 
tically the same all over the Range. At some mines all the 
ore nuist be blasted in order to loosen it for better loading, 
while at other mines the shovels are able to handle the ore 
without any blasting. 

Sixty to eighty-pound rails are used for mine tracks, the 
heavier steel being favored. The temporary loading tracks 
have to be changed for each succeeding shovel cut. At some 
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mines, and especially where the loading tracks are straight and 
of the lighter rail section, it is the practice to jack up the 
track to lie moved and then line or heave it over with bars. 
.\t other mines new track is laid behind the shovel and in 
place for the next cut. the previous track being taken up. 

There are several important special features in connection 
with open-pit mining of which mention should be made. 

At the Biwabik mine which has the distinction of being the 
first mine on the Missabe Range to use the steam shovel, much 
<n' the ore. a high grade Bessemer, requires crushing. Re- 
cently a new crusher of the gyratory type, with a 48-in. re- 
ceiving opening, has been put in operation. It has a ca- 
pacity of 1,000 tons per hour and is tlie largest gyratory 
crusher that has ever been installed. 

On the western end of the range, many of the ore lK«lies 
ci-ntain layers of fine sand, lean ore and broken taconite which 
must he separated from the ere in order to make it merchant- 
able. After several years of experiment a large concentrator 
v.as erected on the east side of Trout Lake, at Colerarne, by 
the Oliver Iron Mining Company, which has been in suc- 
cessful operation since 1909. 

The Wisconsin Steel Company erected a concentrator at 
Xashwauk, consisting of two units, which began operations 
in 1912. 

At the Leonard. Shenango, Commodore and some other 
pits, low grade material containing 35 to 49 i>er cent iron is 
being stockpiled. This material is unmerchantable at the pres- 
ent time and being mostly paint-rock it will probably not yield 
•.o conre ■ .ion. 

At .the Brunt mine, at Mountain Iron, a drying plant is 
in operation for removing the excess moisture from the ore 
The moisture is being reduced from 18 to 20 per cent down 
below 8 per cent, resulting in considerable saving in freight 
charges and rendering the ore more acceptable to the furnace- 
men. 

Another drying plant is in course of erection at the White- 
sides Mine. 
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Milling System of Mining. 
Tlie Milling System is adapted for mining of the ore from 
i!ci»osits favorable for stripping but where the size of the de- 



>t the Blwablk Hin*. 



pcsil, or its Icxralioii, is such as to make it impracticable to 
mine jis a steam shovel proposition. 

The relative depth of surface and ore, or rather the rela- 
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live projwrtion of over-burden to be removed to the amount 
of ore uncovered, the size and shape of the ore deposit, the 
space and facilities for trackage approaches, and relative out- 
lay for equipment and deveIof«nent, are the determining fac- 
tors for choosing between the milling and steam shovel meth- 
ods. What is termed the "Milling System" on the Missabe 
Range is in reality a form of what is termed "Underhand 
Stoping" on the cJder ranges, and the development is by 
shafts, tramming levels, etc., much the same as in under- 
ground mining. The overburden is removed from the sur- 
face of the ore which permits of the use of underhand stop- 
ing by working the ore into chutes, from which it is drawn 
out on the tramming levels and handled in the same manner 
as in other underground mining systems. 

In opening up a proposition on the Milling System, the 
area to be strij^d, the stripping approaches, location of shaft, 
shaft house, tracks and mine buildings are decided upon. The 
work of stripping or removing the overburden is usually the 
first work started, and while this is prc^ressing tlie working 
shaft is sunk, tramming levels oi)ened up and raises driven 
to the top of the ore deiK>sit. Raises are usually 4 by 5 ft. 
or 5 ft. s(|uare, and are put up at intervals of from 30 ft. to 
40 ft., and are equipped with chutes at the bottom. When 
ready to start mining, milling or underhand stoping is start- 
ed by drilling holes aroiuid the tops of the raises and blastinif 
them so that their burden will fall into the raises. After blast- 
ing, the loose dirt is usually picked down or loosened, or at 
least as much of it as will readily run into the raise, after 
which blasting is again resorted to. It is customary to drill 
what are usually called collar holes first; and then carry the 
stope up the bank by successive blasting and picking down 
the loose dirt as long as it will run into the raises. The 
Missabe Range ores are of sudi character as to break up quite 
fine and run readily at an angle of 45 degrees, and in dry 
weather the ore will run on a slope of 38 degrees. Results 
are best after the mills or funnels have been enlarged^ and 
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tiie larger the mill the better. When blasting large quantities 
lif ore, and particularly when starting mills, the ore from the 
blasted holes falls to the bottom of the raises with such force 
that it often packs so hard that it will not nin out of the 
chutes, and causes what is termed a "hang-up." This neces- 
sitates the use of chute bars to loosen the ore and get it run- 
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ring. It often hapjiens that the ore continues to hang up 
higher than can be reached with bars, when other means must 
l,>e employed. At the Monroe mine where the raises were 
very high, a system of sub-drifts were driven above the work- 
ing level, connecting all the raises. This plan gave an opening 
for barring a hang-up raise through openings in the lagging 
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or raise cribbing. At the Albany mine the main level drifts 
were made two sets high opposite the raises or chutes. This 
liemiitted the use of longer bars and facilitated the process of 
barring. At the Iroquois mine they placed a chain or wire 
rope through the raise, and when hung up the rope or chain 
was pulled up by a small hoist and pulled down by a number 
of men standing on the level. 

At the Jordan Mine the trouble with hang-up raises was 
obviated to a large extent by working down to the back of 
Ihe tramming level the first two mills, and after that the 
raises were holed through into the sides of the slopes. The 
niises being from 30 to 40 ft. apart would hole through into 
the milling slopes when 30 to 40 ft. hig^i. The first raises 
were 85 ft. high and caused a great deal of trouble with haug- 
ui>s. The sul>se(|uent raises being from 35 to 40 ft. high 
were much freer from hang-ups than the longer raises. By 
starting milling on the lower sides of the raises where they 
holed through into the sloj^s, the distance from the collar of 
the raise to the chute was seldom over 30 ft., and a hang-up 
coukl l)e broken down by barring or drilling from the top, if 
the trammers failed to get it running by barring from bc- 
knv. 

Another plan adoi)ted to some extent was to make the 
raises larger at the bottom and tapering upward, but Ihe con- 
sirnction of the chutes permits the ore to accumulate back in 
tiie corners and the raise oi>enings soon become smaller. While 
the hang-ups occur from the impact of the falling burden, re- 
sulting usually from blasting into the raises, the trouble from 
this source is contributed to by the raise opening becoming 
smaller and smaller, from moist ore accumulating and caking 
t|uite hard all around the raise. Frc«n time to time it is 
necessary to clean out the sides of the raises for a distance 
above the chutes. 

The production by the Milling method is usually irregu- 
lar and varies from day to day, being influenced largely by 
weather conditions, as well as by the steadiness of the labor 
tmirioyed. During a spell of nice weather and with full crew 
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of men, the daily production may be at the maximum, but a 
lieavy rain drives hc«ne the men working in the mills and 
washes out the slopes, making holes and gullies in the mills, 
end blocking the chutes with loose ore and water. If much wa- 
ter collects in the mills and chutes, any attempt to open and 
draw the chutes results in a rush of sloppy ore and water, fill- 
ing the level and necessitating cleaning up before trammii^ 
can be resumed. If the chutes are opened up more than two 
or three inches there is no closing them if the rush starts. 
In addition to the chute and level trouble, the slopes in the 
mills are so uneven and irregular that for several days much 
(f the ore that is loosened by blasting or picking down, fills 
up the holes and gullies instead of running into the chutes. 
Dry ores naturally run much better in the mills than wet ones, 
and some ores that would run readily on a 45 degree slope 
curing dry weather become soaked and will scarcely mn on 
a 50 degree slope when wet. 

When the mills are worked down close to the back of the 
level, short raises are put up in tlie ridges and much of the re- 
maining ore is milled in that way. At some mines steam 
shovels have been used to dig the ore in the hog-backs or 
ridges and drcq> it into the mills. This process was further 
developed, using the steam shovel to load the ore into cars 
which were either dumped direct into the skip pocket, or 
through a transfer chute and then re-trammed to the shaft. 

The Milling System is also used for the lower parts of 
ore bodies opened up for steam shovel mining, when the depth 
renders the use of locomotives impracticable. This system 
permits the recovery of all the ore, is more economical than 
underground mining and is, periiaps, a little safer. It is 
subject to the accidents iiKident to the limited underground 
4vork and blasting in the open, but the greater danger is from 
nen being carried into chutes by slides. This is guarded 
against to some extent by the use of ropes. 

The Milling System has been used at the Norman, Au- 
burn. Fayal, Adams, Sharon, Jordan, Albany, Monroe, Du- 
Inth, Leonard, and a few other mines. 
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Views, Pliotographs'Nos. i to 13 inclusive, showing 
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one hand to the high grade ore on the other. The condi- 
tions affecting the efficiency of the process for the time it 
prevailed were largely such as offered the underground wa- 
ers, which acted as the main agency in this important change, 
opportunities for perfect percolation <ind circulation. In view- 
ing the Range with these conditions in mind it seems that 
over the eastern portion, extending frcmi the eastern limit as 
far west as a mile east of the D. & I. R. R. R. track, condi- 
tions were evidently not favorable for a perfect change, and 
we therefore now find a hard lean iron formation practically 
barren at present, as far as known today, of merchantable 
deposits of any size, together with some lean silicious ma- 
terial; whereas in the middle portion of the Range, extending 
over an area lying approximately between Sec. 22, 59-14 and 
the center of Sec. 23, 57-22, we find merchantable ore bod- 
ies of large size occurring in a rich largely altered forma- 
tion, together with a considerable amount of , low grade mer- 
chantable and non-merchantable siHcious ore material as a con- 
necting link between the formation itself and the high grade 
ores. Again, on the western end of the range, extending from 
the central part of Sec. 23. 57-22 to about twenty miles west of 
the Mississippi river, the same altered iron formation occurs 
as in the central portion, and in it similar large ore areas; but 
here, instead of the merchantable ores, the non-merchantable 
silicious ores predominate, and in these ores are large quanti- 
ties of a great variety of the altered material resulting from 
an incomplete process of disintegration and enrichment. 

Therefore, instead of the clean-cut features of a stand- 
ard Missabe ore body, we see here a small amount of mer- 
chantable ore underlaid or surrounded by every derivative 
of the "greenalite" formation, and in some instances masses 
so great that they fomi veritable rock Iwds, layers and is- 
lands in this silicious ore material. Thus we find here ex- 
tensive <lei)osits of taconite lying above, within and under the 
ore material. These layers of silicious material within the 
deposit are divided from each r)iher by a rather large body or 
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zone of more or less clayey and sticky paint-rock material, 
which was originally a layer of slate occurring in the original 
deposit. 

As a further complication, there was found in the drilling, 
right under the surface and on top of some of the large ore 
areas, an entirely different deposit of ore material. This was 
afterwards found to be a cretaceous deposit containing fossils 
of various kinds and an ore material generally, of high phos- 
l>horous content. 



Rock DumpB knd Track Ananeemeiit CooncctinsSanw With the PUnt. 
STRUCTURE. 

After these ore areas had been explored and determined 
and it was thought that possibly the ores were suitable for 
concentration it became necessary to make a classification of 
the various materials encountered with a view to arriving at 
the physical structure of the deposits: (i) in order that 
mining methods could be worked out adapted to the sizes and 
conditions of the ore bodies; (2) in order that machinery 
suitable for handling these possible wash ores might be con- 
structed or found. 
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On account of the fact that chum drilling had to be re- 
sorted to in exploring these ore deposits, which methotl of 
drilling destroys the physical structure of layers of ore ma- 
terial encountereil, and since in addition to these results of 
drilling we had only a few shallmv test-pits and shafts main- 
ly cm the Arctums property to work irom, it was at first very 
difficult to get at the stnicture; bii{ this was finally worked 
out and I attach hereto a section showing substantially the 
stnicture of these Western Missabe Range ore deposits. The 
reader will note' in the center of this section the large paint 
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rock layer separating the masses of ore material into two 
layers or zones. Each of these zones is a separate member of 
the formation, divided by the paint rock layer referred to 
above, and in these zones occurs the silicious wash ma- 
terial, generally speaking, in layers; and where of a standard 
character, made up of large and small pieces and grains of 
high grade ore arranged in seams alternating with seams of 
fine sand. Interbedded in these standard wash ore areas, 
however, are layers of hard taconite and all the other grada- 
tions of material encountered, varying irom hard taconite to 
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material so soft tliat it can be crushed in the hand, in fact 
derivative layers of the original material referred to above. 
Over it all lies a deposit of cretaceous ore material and over 
this again the overburden or surface material, consisting of 
clay, sand, gravel and boulders. 

Mining Methods. 
After the physical structure of these ore deposits was 
known it became apparent that the only way they could be 
attacked commercially was by the open-pit method. This 
method, after the overburden had been removed, would afford 
us ( [ ) the opportunity to stockpile or otherwise dispose of 
the cretaceous material which had been foimd unsuitable for 
concentration or other present day methods of treatment; 
(2) it would enable us to have the exact conditions of the 
ore deposit before us at any stage of the work; (3) it would 
enable us to handle to the best advantage the large quantity of 
ore material which could be treated; (4) it would afford us 
opportunity to sort out the waste material varying in com- 
position and structure and entirely unfit for concentration 
lying within the wash ore zone, from the material remain- 
ing for concentration within tliat same zone. 

MAIN i'OINTS bearing UPON THE COMMERCIAL UTILIZATION 
OF THE WESTERN MISSABE SILICI.OUS DEPOSITS. 

In approaching the problem of utilizing commercially the 
ore material from the vast deposits developed, we were con- 
fronted with the following conditions and facts: 

First — A very heavy overburden as compared with the 
depth of the available ores or the ores directly and easily 
amenable to concentration. 

Second — Tlie occurrence very generally of a more or less 
thick layer of cretaceous material which was unmerchant- 
able and further unfit for present methods of concentration, 
but which on the other hand, could not be wasted, as it 
carried considerable iron, and therefore must be removed and 
stockpiled at a considerable expense. 
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Third — Although there were in these clqwsits large ton- 
nages of ore amenable to concentration, there was also found 
with them a large quantity of material entirely unfit for con- 
centration, rough and hard in character and so large in size 
that it had to be sortetl out either by hand or machinery, as 
the occasion would demand, at a considerable expense over 
and above the ordinary method of handling and disposing of 
such material. 

Fourth — Furthermore, in this material, in and between 
the layers of standard wash ore, there occurred a vast quantity 
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of material which was neither washable ore nor hard rock, 
in fact, consisting of every gradation ix>ss:ble Ijetween these 
extremes, and which could readily be sorted out. On ac- 
count of its character and occurrence we were confronted 
not only with the necessity of handling this materia! and the 
expense connected therewith, but were forced to so construct 
our plant that a considerable portion of this could be ad- 
vantageously dealt with in the mill operation. This particular 
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requirement for the mill meant a high degree of strength, dur- 
abihty and efficiency in the machines selected. 

Fifth — Whereas most of the ore in the washable ma- 
terial was rather coarse, there was nevertheless quite a 
large amount of fine rich ore which on account of its ex- 
ceeding fineness was not diserable from a furnace standpoint, 
but which nevertheless had -to be saved as it already had borne 
a share of minir^ and transportation expenses, and for eco- 
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nomical reasons alone could not be wasted when once de- 
livered to the plant. 

Si.\-!h — The occurrence of the above mentioned paint rock. 
This materia], having been derived from an original slate layer, 
was in its nature stickey and difficult to handle, when wet, 
contained a considerable amount of moisture, and was not 
amenable to concentration ; but on the other hand its chemical 
composition was such that portions of it could be shipped di- 
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rect, while the remaining portion, which had to be removed to 
get at tile underlying-wash ores, could not be wasted and had 
to be stockpiled at some additional expense, because this nja- 
terial at stwne future day might become merchantable. 

Seventh — Practical economic and lease conditions de- 
manded a large tonnage, much greater than generally had been 
handled up to that time by mills elsewhere in the country. 

Eighth — Large areas required, with extensive track systems 



InUrlor View, Sbowins Frontof RaccivincBliu. Griiilia and RcvDlvina Screeiu. 

to provide for the disposition of great quantities of overburden 
to be removed and for the stockpiling of low grade material 
not amenable to concentration. 

Concentration of the Western Missabe Silicious Ores. 
In 1901 and 1902 Mr. Walter Barrows. Jr., Mr. Chas. 
A. Purdon and associates, after obtaining certain exploration 
data from the Arcturus property, and additional information 
by drilling, desirous of ascertaining whether this ore was 
amenable to some sort of concentration, sent a car-load of ore 
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to Cedartowii, Georgia, for treatment. The result seemed so 
satisfactory that tliey installed on the property at their expense 
a small concentrating plant consisting' of conical screens and 
a set of McLanalian jigs. In 1903 and 1904 a small plant 
(see photo) of somewhat similar construction, but without 
jigs, was installed and operated at what is now known as the 
Holman mine, by Mr. Congdon and associates. While these 
two smaller plants clearly indicated that something could be 



(tone at least with some portions of the vast ore bodies con- 
tained in the district, they also showed that these screens and 
jigs would not meet tlie re(|uiremenls, first on accoimt of the 
variety of materia! to be treated, and second on account of the 
large quantities that had I0 be handled. For this reason the 
officers of the Oliver Iron Mining Company aj^ointed a com- 
mittee to make a thorough study of the concentration problem 
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Iiere presented, ascertain what was done elsewhere, and if 
possible find machinery which would meet the requirements. 

After due consideration of all the facts and after an ex- 
tensive trip over the western and southwestern portion of tloe 
United States the commission prepared its report recommend- 
ing a scheme which seemed to them to offer a solution of 
the problem in hand. 

As suggested by the committee an experimental plant was 



decided on and erected in 1906 in the vicinity of the Canisteo 
<leposits. (See photo.) In 1907 and 1908 experimental work 
was conducted in this plant with the machinery originally in- ■ 
stalled as well as with additional different concentrating ma- 
chines which from time to time were tried out at the sug- 
gestion and request of manufacturers. 

After a long, exi>eiisive and exhaustive investigation, and 
compilation and study of the results obtained, it was conclu- 
sively proved, ist, that these ores could be economically and 
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successfully treated and on a large scale made to render a 
merchantable product of a gnod desirable physical structure; 
2nd, that machinery substantially such as suggested by the 
oxnmittee with some changes and improvements would suc- 
cessfully treat these ores. 

Trout Lake Concentrating Plant. 
(a) main building and serving tracks. 

With these and other facts and data at hand the con- 
struction and erection of the present concentrating plant was 
undertaken. This work was commenced in .April, 1909, and 
was complete with the machinery installed ready for use in 
1910. Attached to the main building is a table house large 
enough to accommodate concentrating tables for five units and 
space for a small machine shop and supply store. For the 
handling of the railroad cars in the upper portion of the 
mill there is provided on the north side of the main stntcturc 
a trestle approach 650 ft. long, and on the south or t^>posite 
side a tail track 300 ft. long. The latter is so constructed 
as to permit itsbeing incorporated directly in a possible future 
extension of the plant. The building, viaduct approach and 
tail trestle, as well as the table house, are constructed of steel, 
the total amount used being 6,roo tons. The building is cov- 
ered by corrugated steel sheeting over 2x6 in. wood sheeting 
fastened directly to the structural steel. The north end of 
the trestle approach is connected with the main road-beds 
forming the track system for delivery of the crude ore to 
the plant over an embankment of a maximum height of no 
feet containing over 2,000,000 cu. yds. of dirt. On the easi 
side of the building is arranged a system of concentrate tracks 
connecting with ample storage yards for both loads and emp- 
ties. The delivery tracks over the cnide-ore bins are 90 feet 
above the tracks receiving the concentrates. 

While not intended for winter operation, the mill building 
is equipped with a high pressure heating system, the steam for 
which is supplied by a small boiler plant located in the im- 
mediate vicinity of the mill. 
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All inside wiring is placed in conduits. A traveling crane 
electrically operated over a track extending the entire length of 
the building provides for handling the heavy machinery. 
(b) power plant and transmission. 

The power plant of the mill is located on the shore of Trout 
Lake, 7,000 ft. distant from the main mill building. Clear 
water could not l>e obtained nearer the mill on account of 
the tailing discharge into the lake. 



Boiler House — The power is generated in a battery of six, 
72"xi8', horizontal return tubular boilers housed in a building 
with a 1 20x53 f '■ ^t^^l frame, brick nogged and covered with 
corrugated steel. Draught for these boilers is obtained througli 
a chimney of hoUwv radial tile 150 ft. high. 

Engine and Generator House — This building is of the same 
general construction as the boiler house, size 82 by 132 ft. 
In it is housed one 26x52x48 in. horizontal cross compound 
Reynolds Corliss engine, direct connected to a 1,250 lew. 3- 
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phase 60-cycle alternating; current generator producing a cur- 
rent at 6,600 volts, equaling 1,675 horsepower. 

In this building are also installed two 26x52x48 in. Pres- 
cott compound pumping engines, of the fly-wheel type, each 
with a 24-hour capacity of 10,000,000 gals,, total lift being 240 
ft. Each of these pumi>s is cajjable of furnishing the water 
necessary to operate the mill. As the five concentrating units 
contained in the mill described require individual consumption 



of 1,300 gals, per min. per unit, the iK>wer requirement of 
each pump is aix>ut 400 horsepower. 

The electric current generated is transmitted over surface 
lines to a transfonner stalion located near the mill, where its 
pressure is stepped down to 440 volts — the working pressure 
required for the plant. Power transmission in the mill is so ar- 
ranged that each working unit and the main group of ma- 
chines in the units themselves are independently operated by 
commensurate motors. Ail buildings are electrically lighted. 
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Water Suf>f>ly — Water is obtained ifrom the lake ttirough 
a 40-in., 400 ft. long, steel intake pipe and is conducted 
through a 30-in. lap-welded steel pipe to a roo.ooo gal. cylin- 
drical steel tank at the mill. The water pressure on the vari- 
ous floors of the mill varies from 20 to 75 pounds per squart 
inch. 



U^. 




(C) CONCENTRATING MACHINERY AND APPLIANCES. 

As the mill stands today the plant contains five independent 
units and appliances. Each individual unit is made up of 
two half units which are dependent on one another only in 
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bin and screening capacity. This arrangement was adopted 
to prevent delay in the entire mill and in each separate unit — 
should break-downs occur. Installment of individual units 
was also necessitated by lease conditions requiring that ore 
from each property be handled separately. All units are en- 
tirely similar in construction, but were installed at various 
times, the first and second units being erected in the spring 
of 1910, the third in the fall of the same year, the fourth 



Lown End ot Cntda Ore Bin and Griuly 

and fifth completed at the beginning of the season 191 1. 
Precaution was taken to eliminate from the mill constructiwi 
all light and unreliable machinery such as link belts, chain 
elevators, conveyors and automatic feeding appliances. 

Each individual unit is made up as follows : At the top of 
the m:!! and directly under the crude ore tracks, for each unit 
thei^ is a receiving bin with a capacity of about 500 tons 
cnide ore. At the discharge end of this receiving bin is a 
grizzly — steel rails spaced 12-in. centers — and also a hydraulic 
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nozzle connected to the water system. Under the grizzly- 
is a rock pocket. The hydraulic nozzle is capable of dis- 
charging into the receiving bin at the direction of an oper- 
ator, a heavy stream of water under a pressure of 33 pounds 
per square inch. The bin extension under the grizzly is 
through an apron directly connected with one conical, revolv- 
ing screen or trommel having 2-in, perforations. Passing 
through the center and along the entire length of this trommel 



is a spray pipe. The size of the trommel is: Length 20 ft., 
diameter at the small end 4 ft., at the larger end 8 ft. 

Directly below the large end of the trommel is placed a 
conveyor belt 36 in. wide and 20 ft. long to take the over-size 
material from this screen. Directly below the trommel is con- 
structed a bin or jnnction-lx>x divided into two compartments 
into which falls the under-size material. On each side of this 
bit) and below tlie same and at proper distances and elevations 
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are placed two log washers each taking one^half of the under- 
size material delivered into the junction box from the trommel. 
The size of these log washers is : Length 25 ft., width 6 ft. 8 
in , depth 3 ft. They are placed at an incline of i in. to 
the foot, and are each provided with twin logs with chilled 
cast iron paddles. Their bottom is constructed so as to pro- 
vide for three hutches covered with perforated steel plates 
through which a strong current of water under a pressure of 



50 lbs. to the square inch is forced. The waste material 
coming over the overflow end of the log washers contains 
chips, waste and other material, and for this reason a chip 
screen has been placed directly behind each log washer. Di- 
rectly under these log washers are placed three steel settling 
tanks, Nos. i, 2 and 3, at different ele\'ations. Located di- 
rectly under No. i tank on each unit is placed one smaller 
log washer locally known as a "turbo." The size of these 
turbos is as follows: Length i8 ft., width 4 ft, depth ij^ 
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ft. These turbos are of the same g;eneral construction as the 
lai^er It^-washers, being provided with a rising water column 
forced under pressure through hutches and liutch-piates. 

The tanks above referred to are "V" shaped. Tank No. 
I is 5 ft. in width by 8 ft, in length and 4J^ ft. deep. Tanks 
Nos. 2 and 3 are 6 ft. in width, 16 ft. in length and 5J^ ft. 
deep. .All are provided with spigots for the discharge of the 
accumulated mate Hal. 



Arctunu Expnimintal WuhiHE Plant, Fnmt View. 

In the table house at some distance below these three steel 
tanks are located four batteries of five Overstrom tables, ar- 
ranged in two parallel series. Each of the twenty concen- 
trating tables is 14 ft. in length and 6 ft. wide along end 
lines, and is provided with riffles, which on some tables are 
constructed of wood and on others of rubber. 

To convey the table concentrate from the table house, two 
54-ir.. Frenier spiral sand pumps are installed in each (Mie- 
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ha]t unit. These pumps discharge into a de-watering tank 
located immediately above the bin into which is assembled all 
the concentrate from all machines constituting the unit. This 
de-watering tank is also of steel "V" shaped, top width 7 ft., 
length 12 ft., and depth 5J^ ft. 

The conveyor belt above referred to is known as the "pick- 
ing belt." On each side of it is located a steel chute leading 
to what is known as a "rock pocket" made of steel. This dis- 
charges into cars below. These cars are hauled by an electric 
locomotive to a rock dump a short <listance beyond the con- 
fines of the plant, over a track system overheading tlie main 
shij^ing tracks on the east side of the plant. 

'I'he concentrate receiving bin is large enough to accc«i- 
modate the entire unit, built of wood and lined with steel 
plates, and has a capacity of about 90 tons, ITiis receiving bin 
is provided with discharge lips through which tiiis concentrate 
passes into railroad cars on the tracks below. 

The following arrangement gives the power distribution 
for the unit: One 100 h.p. motor is used for driving the 
cone-shaped trommel, two Ic^ washers and two turbos. One 
15 h.p. nK>tor is used for driving the concentrating table an<l 
chip screen. One 20 h.p. motor drives the four Frenier 
pumps serving the unit. 

The concentrating equipment in each unit thus incUules: 

One receiving bin. 

One grizzly. 

One conical screen. 

One belt conveyor, or jMcking belt. 

Two 25-ft. log washers. 

Two i8-ft. log washers. 

Six steel settling tanks. 

Two table wash-water tanks. 

Twenty Overstrom concentrating tables. 

Four Frenier pumps. 

Two steel de-watering tanks. 

Two rock pockets. 

One concentrate bin. 
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Process of Concentration. 
At the mines the crude ore is loaded directly into hopper 
cars of an average capacity of 40 tons of this material. The 
cars are of pressed steel, of Sonimers and Pressed Steel Car 
Company design. Train loads of these cars are hauled 
over the receiving tracks and over the viaduct approach to 
the top of the mill and there dumped directly into the receiv- 
ing b!ns. In these receiving bins the ores are attacked by a 



stream of water from the hydraulic nozzle above referred to 
and sluiced down tlin>ugh tlie ojiening in the lower end of 
the bin over the grizzly bars, which eliminates the larger 
pieces of taconite included in the shipment. This rock is 
raked from the top of the grizzly by hand into the rock 
]xx:ket provided for each unit. The material passing through 
the grizzly is conductetl over the coimecting apron into the 
revolving Irommel. The over-size material in this trommel 
advances tlirough it and is in passage subjected to a thorough 
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rolling and rubbing- process as well as a heavy spray of wa- 
ter from the spray-pipe arranged for this purpose. After 
being thus abraded and washed off, the content of this 
tr(Mnmel passes on to the picking belt provided in front and 
is here hand sorted. The rock material is thrown into the 
chutes leading to the rock pocket whence it is loaded into 
cars and by an electric locomotive hauled to the rock dump. 
The coarse material remaining on the picking belt falls di- 
rectly into a steel chute which conveys it to the concentrate 
bin immediately below. The material obtained is known as 
belt product and consists of lump ore concentrate of sizes 
larger than 2 in. . 

The material passing through the conical screen or trcMn- 
mel falls directly into the underlying juiKtion-bo.N, half of 
the material going to each of the two log washers provided 
on either side of this junction-bo.x. In these log washers 
the material is subjected to a combined stirring and abrasive 
action pnxhiced by the paddles of the twin logs revolving 
therein, in water which emers the log washer under pressure 
through the three ix>ttom hutches. This introduction of wa- 
ter under pressure into the Ixjttom of the log washer is a 
decided improvement over earlier constnicted log washers., 
and is an iniportant provision in that it prevents dead ma- 
terial from lying at the bottom of the bo.x, assists in the thor- 
ough stirring and washing of all the material passing through 
the machine, and gives life and activity to the entire o|>er- 
at'on. The action of the log waslier in this process is that 
of a large, efficient, ever-ready classifier-concentrator and dis- 
integrator. By stirring effect of the paddles, the friction be- 
tween them and the pieces with which they come in contact. 
as well as between the pieces themselves in tiiis ever-moving 
mass under strong water action, all the more or less disin- 
tegrated pieces are broken up into their ccsnixnient parts — 
grains of sand and pieces and particles of ore. 

In the operation the heavy flow of water introduced into 
the machine, both with the material itself as well as from 
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the bottom, carries the sand towards and over the tail-board 
at the lower end of the machine. The heavy materia), on the 
other hand, consisting largely of iron ore varying in size from 
2 in. to grains, is forced by the action of the paddled twin 
li^ towards the raised or upper end and there discharged 
as log product into the concentrate-receiving bin. 

The overflow from the !c^ washer is then passed through 
the chip screen for the purpose of removing pieces of wood. 



v.aste and other foreign substances, Frcwn the chip screen 
the material is led into wliat is known as the first set of 
settling tanks, aie on each side of the unit. The heavier ma- 
terial is allowed to settle and the spigot product is fed to the 
l\\\> tiirljos l>elow. 

,\s stated before the "turljo" is similar in construction 
to the large washer, but smaller. The oijeration is also sim- 
ilar. 

The overflow from the settling tanks is passed into a sec- 
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oncl pair of tanks. The overflow from these is carried out of 
the mill, and the spigot product is conveyed into the table room 
and there distributed over two sets of five Overstrom tables, 
each set serving one tank. 

The concentrate obtained in the upper end of the turbos is 
fed directly into the concentrate receiving bin of the unit. 
The overflow from the turbos is passed into a third pair of 
settling tanks. The overflow from these is passed out of 
the mill. The spigot product is carrieil into the table house 
and there dealt with in a manner similar tb that in which 
the spigot product from the second pair is handled. 

The concentrate from the twenty tables serving each unit is 
conveyed through the four Frenier pumps serving the unit into 
the de-watering tank, the spigot pro^luct of which falls di- 
rectly into the concentrate receiving bin beneath. 

All tailings insva the settling tanks and tables are dis- 
charged into Trout Lake below the mil through a 4-ft. wood 
bottom concrete flume. 

Safety Devices. 

The great amount of thought which has been put into 
safety devices, and the minute detail into which those in 
charge have gone, make impossible complete description in 
a paper of this kind. Tlierefore only the more prominent 
features will be described, and i)erhaps the most simjJe course 
to follow will be the one most commonly used, that is, the 
route of the ore. 

The first application of a safety feature is in preventing 
the crude ore from falling through the approach trestle from 
the cars to the ground. The great height of this trestle would 
make an injury from this source very serious. This is pre- 
vented by a decking which also eliminates danger of fire 
from the sparks of i>assiug locomotives. A stnictural steel 
hand-railing extends the entire length of the trestle on both 
sides and is supplemented by a toe-board at its bottom. 

Within the building, at the receiving bins, the most ap- 
parent features are, first, the peculiar arrangement of rail- 
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ings and walks which compels the workman unconsciously 
to guard himself irom i>assing trains, and second, the covered 
stairways and landings by which the sluiccr helpers are en- 
abled to work beneath the tracks with safety and freedom. 

Within the mill proper, at a point where the ore is washed 
from the bins into the revolving conical screens, are placed 
lai^ heavy hinged gate and a stationary wall which serves as 
a sort of breastwork in front of the sluicer. The stationary 
walls afford the worker safety from sudden slides of ore 
while sluicing, and the hinged door protects him from the same 
<langer when ore is being dunii>ed into the bin. 

At the picking belts are provided ho]>])ers located con- 
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veniently near both the belt and the men. While these are 
built up high enough to greatly facilitate removing the waste 
rock from the belt, their primary puqxjse is to prevent the 
men from falling into the pockets beneath. The chutes from 
these ix>ckels which receive the waste rock were provided with 
the customary (luarter-jxin or pocket stops, but as these did 
not prevent small pieces fr<Hii rolling out beneath them down 
on to the heads of passers-by, it was necessary to provide an 
additional means to prevent this. Such a device consisted of 
a sjiecial counterl>alance gate or dam made of steel plate. The 
peculiar location of the stop itself and the point from which 
it was "to be operated made this a difficult problem. The 
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electric trajii cars which carry the rock from these chutes to 
the (lumps are provided with automatic gongs which rir^ when 
the cars are in motion and warn the workmen of their ap- 
proach. 

The next point of possible danger in the course of the ore is 
in the discharge from the log washers. The problem here was 
somewhat difficult, for in order to inspect properly the con- 
centrateil pnxluct the worknten had to stand between large 
revolving gears on one side, and the moving blades of the 
washers on the other. However, the difficulty was solved l>y 
means of gear housing and platforms in such a manner as 



Watn- Supply Line 

to make this ix>int very accessible and at the same time remove 
both danger and fear of injury. 

On the table floor, the driving-head gear of the macliines 
presented the diief source of danger. To obviate tliis, frames 
built of pijje and covered with removable steel plates were 
placed around the driving mechanism. This secured safety 
and accessibility. Shifting levers for the Ijelts, so designed 
as to be simple and free from projecting parts, were attached 
to these frames. 

In the basement the only point which was considered 
dangerous, and this on account of darkness rather than loca- 
tion, was the driving mechanism of the Frenier pumps. The 
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installation of steel gearetl housings, wooden troughs for belts 
and a generous lighting system, did away with all danger at 
this point. 

There are many miscellaneous devices which though 
not so intimately connected with the operation of the mill, 
are none the less necessary. The most important of these 
are the coverings of every gear, Ijelt, pulley, and moving part 
throughout the mill, and the safety c< liars on all shafting. 
Enameled iron signs warning operators are placed at everj- 
conceivable point of danger. Signal l>ells are sounded when 
starting all mill machinery, so that every working man may 
protect himself if in danger or invisible to the ojierator. Per- 



manent stair-like platfonns were constiiicted beneath the re- 
ceiving bins, to enable workmen safely to remove the bolls 
that ht>I(l the wearing plates when rejwiiring them. Stairways 
were e\erywhere prt>vided rather than ladders, and all of 
them were covered at the backs, thereby preventing material 
from falling or being kicketl through Iheni on to the head 
of i)ersons lieneath. But perhaps the greatest of all provisions 
for the protection of the working man in his routine duty 
about the mill is the most carefully planned and permanently 
constnicted system of railetl walks. These lead everywhere. 
They are rigid and strong to the last degree. Their railings 
are of steel pipe, their stringers and joists are of steel beams. 
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Tlie'r Ireads are of the IieavJest matched flooring, and their 
sides are protected by the ever-efficient, though obscure, toe- 
board. Records show that in this item alone, 32,300 hneal ft. 
of i}4 in- standard pipe with the necessary fittings, and 12,450 
lineal ft. of 2x8 in. surface pine boards have been used. Not 
the least of the factors which makes this provisione one of the 
most worthy of the safety device is the sense of security, which 
the workmanship ajqjarent in it engenders. 

In conclusion, it must not be supposed that the apparent 
completion of these safety devices has tended to eliminate in- 
terest in safety measures. On the contrary the interest is 
even greater, because it has been shown tiiat the effort, money 
and vigilance expended in this direction produces the most 
gratifying results. 

Production. 

Tons. 
Plant produced in 1910 with 2 units in operation. . . . 610000 
Ptant produced in 191 1 with 5 units in operat'on. . . . 1,978,000 
Plant pnxluced in 1912 with 5 units in o|>eration. . .2,555.000 
The construction of the plant including power installation, 
water suiJi)ty and necessary track arrangemails. involved 

an expenditure of approximately $1,500,000 

The total amount of concentrate" produced by the vari- 
ous machines in the unit depends largely on the character of 
the cnide ore treated. The following table will, however, give 
a general idea thereof ; 

Per Cent.\ 
Belt product . 3 to 35 Depen.lingon char- 
Two K>gs product 60 to 85 / , , 

Two turl>o« procUict.... ...... 2.5 to 10 ^^'^''of ^^'^o-^- 

Twenty tables product 1.5 to6.5 / 

Concerning the size of the product obtained, it may be 
stated that the belt pnxluct is all larger than 20 mesh. Of the 
log product 90 per cent, is coarser than 40 mesh and 4 per cent, 
finer than 100 mesh. Of the turlx> product 15 per cent, is 
coarser than 40 mesh and 32 per cent, finer than 100 mesh, 
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Of the total table prodtict 85 per cent, is finer tlian 100 mesli 
and 50 per cent, is finer than 200 mesh. 

■ These figures will indicate the care which has been taken 
in the processes, in the construction of the plant and of the 
various machines therein, to effect a saving commensurate 
with good practice, economy and furnace requirements. 

The above is a general and practical statement devoid of 
complicated calculations and demonstratitwis, entering into 
the solution of the problems connected with the handling of 
the wash ores on the Western Missabe Range, involving the 
constmctioii of, and the processes devised for, the Ccderaine 
Washing Plant. 

In conclusion I wish to slate that while it would be de- 
sirable and interesting from a scientific and economical stand- 
point in a subject of this nature, to enter into, for instance, 
the specific performance of each machine, the possibility of 
improving and of simplifying both method and machinerv-, 
to consider the question of recovery and the ratio of concentra- 
tion, and finally to demonstrate the extent to which this plant 
as a unit has served its purpose as a medium through which 
this non-merchantable ore is made merchantable, it is im- 
possible to touch upon these subjects within the scope of this 
paper, as time and conditions will not permit it. 

The items referred to above may be proj)er subjects for 
another paper on a future occasion. 

Lastly, while this plant today does its work as well and 
even better than expected, at some future day no doubt it will 
be changed and improvetl, or others will be built to take its 
place to meet conditions not here presented, but fully known 
from investigations made, which ■ conditions it is neither 
practicable nor advisable to approach nearer at the present 
time. 
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THE APPLICATION OF MINING MACHINES TO UN- 
DERGROUND MINING ON THE MESABI RANGE. 

BY H. E, MARTIN AND W. J. KAISER. 

The application of machines to nndergroiind mining on 
the Mesabi Range is a radical departure from the methods in 
use at the present time, and while it is difficult to foretell the 
ultimate results, their use cannot but be l)eneficia] both to the 
miner and the mining companies. 

Since mining was started on the Mesabi Range some twen- 
ty odd years ago, improvements and changes have been made 
in practically every method and device except those used in 
the actual mining of underground ore. During the past few 
years cpcn pit mining has grown from a comparative infant 
to its present huge proportitHis. Heavier steam shovels, larger 
engines and standard equipment have been adopted, as well 
as various changes in methods employed. In our underground 
mines, the most efficient machinery has been installed for 
handling the ore once it has left the miners hands. The 
miners, however, still drill by hand, muck their own dirt 
and otherwise mine as they have done since the start. The 
number of miners on this range has not grown in proportion 
to the amount of develc^jment, and in consequence the pro- 
duction from underground mines has not been as large as it 
should be. How to increase the production, using the limited 
number of miners available, is then the question of vital in- 
terest. Could power machines be successfully used, it would 
necessarily mean a division of labor into two classes, miners 
and muckers, and the output per miner would be largely in- 
creased, Tiie common laborers, becoming more proficient, 
would eventually graduate into the miners class, thus increas- 
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. ing their number. With these ideas in vie-v, it was decided 
to experiment with machines on the soft ores of this range. 
As used at the Harokl Mine, of the Hibbing District, the 
machines consist of an ordinary SuiHvan air-pick or coal 
puncher, and a Jeffries air-auger. The pick machine is the 
largest type manufactured by tlie Sullivan Machinery Com- 
pany having a depth of undercut of five and one-half feet. 



The bore of cylinder is sH inches, pressure required So 
pounds, and total weight 825 pounds. To understand thor- 
oughly the appUcation of these machines to our mining meth- 
ods, it may be well to mention first the several operations in- 
cident to taking out a set of ground by ordinary means. The 
miners first drill a round of holes in the breast, each hole 
approximately five feet in depth and varying in number from 
three to five, depending ui>on the height of post, character of 
ground and whether drifting into the solid or along side of 



LAKE SUPERIOR MINING INSTITUTE 189 

caved ground. The upper holes are usually fired first and 
the bottom holes after the top dirt is mucked out. The amount 
of dynamite used depends upon the conditions mentioned 
above r.nd varies from 15 to 30 sticks, each stick being- about 
Yi poui.d. After the upper holes are fired the miners secure 
the back by poling from the last set of timber into the breast. 
The ore broken in this blast is then loaded and trammed, 
and the bottom holes are fired. After all the ore is mucked 
out, the miners trim the breast, back and sides and the set 
is ready for timber. Under ordinary conditions the amount 
of timo spent in these several operations is approximately as 
follows : 

Drilling', 17 per cent; blasting, 4 i>er cent; clearing of 
smoke, 3 ]ier cent; tramming, 7 [jer cent; trimming, g per 
cent; timbering, 20 per cent, and mucking, 40 per cent. 

Thi; number of men required for one machine crew, is 
two machine men, three miners and six muckers. This ratio 
was experimentally determined and is of the most import- 
ance to the efficient working of the machines, in that there 
should Pie no delay of miners, muckers or machine men waiting 
upon ei'ch other. The minimum number of working places or 
rooms required to take care of one machine has lieen found 
to be live, though a larger number wilt insure no delays and 
make for higher efficiency. 

The actual taking out of a set of ground with the aid 
of the machines is as follows : 

The set is first under-cut with the puncher to a depth of 
five fe<.t, the cut extending from the solid rib to within six 
inches or so of the opposite side, thus leaving a small pillar 
six inches wide and the full length of the set. The purpose of 
this small pillar being to support the ground against prema- 
ture caving. Two holes are then drilled with the air-auger, 
atjout one foot from the solid rib and spaced about two and six 
feet resiiectively from the back. In case the slice was driven 
into the solid four holes would be necessary, two on each side. 
Two short holes are drilled in the small pillar supporting the 
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set by the miners. Boards are now placed in the cut and 
under tlie set to be broken out, a small amount of ore picked 
down upon them to hold them in place, and the holes are 
loaded and fired. Being able to place boards beneath the set 
before it is brn^en, is an advantage rather hard to estimate 
but of considerable moment to those using the shovels, giving 
them as it does a smooth surface from which to shovel. The 
miners now secure the back by poiing and the room is 
ready for the muckers. After the ore is mucked out, the 



miners square up the set, place the timber and another cycle 
of o|)erations is started. 

The average time for under-aitting one set of ground ex- 
cluding delays, has t>een 59 minutes, for moving from 
place to place and setting machine, 26 minutes. To drill one 
foot of ground with the air-auger has averaged 2.8 minutes, 
time selling up 1.4 minutes per foot. These results can artd 
no doubt will be considerably lessened, as tlie machine men 
become more proficient. 
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The advantages which can be claimed for the machine, 
aside tmrn any possible reduction in the cost of producing the 
ore, are employment of one-half common labor, using ap- 
proximately one-half the amount of dynamite, less liability 
of posts being blasted out and consequent caving of rooms, 
and always havjng a smooth surface to shovel from. To the 
successful working of the machines, several conditions are 
necessary. The rooms served by the machine must be easy 
of access from one to another, their height should not be less 
than seven or eight feet and no bottom stoping should be 
necessary. In other words they can be applied to ordinary 
slicing and square-setting. 

The resuUs obtained so far have not been as satisfactory 
as conld be wished, primarily due to the labor situation, 
muckers not being obtainable in sufficient number to keep the 
machine and miners busy at all times. At the start many 
delays were occasioned by not having a sufficient number of 
places opened up for the machine. However, during the first 
five weeks of work, the average number of tons pef man 
per day was twelve, an amount considerably above the aver- 
age for most places in our underground mines. Taking these 
points into consideration, it can be conservatively said, that 
it is not a question of what the machines can or will do but 
merely one of organization and hence their future on the 
Mesabi Range seems assured. 
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OPENING THE LEONIDAS MINE AT EVELETH, 
MINNESOTA. 

BY H. E. LOYE, EVELETH, MINN.* 

At tlie Leoiiidas mine of the Oliver Iron Mining Company, 
at Eveleth, Minnesota, two ore bodies were found separated 
by rock 250 ff in thickness. .The upper body averaging 49 
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ft. in thickness, will be mined in greater part by the open pit 
method, the lower body averaging 76 ft. in thickness, by the 
underground metho<l. 

On account of the long period of time required to mine 
this lower deposit, it was desirable to have the shaft and 
stations as permanent as possible, and also as shaft stations 
are the parts most subject to fire, and as in this case there will 
'Cblet EnElneer, Oliver Iron Mining Co., Adama District 



> v.TOOgle 



LAKE SUPERIOR MINING INSTITUTE I93 

be only one outlet for a number of years, it was very im- 
portant to have the shaft and stations as nearly fireproof as 
possible. With this in view, it was decided to use only 
steel and concrete in the construction ; steel sets made by the 
American Bridge Co., backed by reinforced concrete slabs 
made with Universal Portland cement. 

The shaft, which is lO ft. by 17 ft. 4 in. in the clear, con- 
tains five compartments; two sldp compartments 6 ft, by 5 
ft., pipe and ladder com|>artments each 3 ft. 8 in. by 5 ft. 
and a cage compartment 10 ft. by 5 ft. 8 in., as shown in 
Plate I. The wall and end plates are made of 6-in. 23.8-Ib. 
H secticns, the main dividers of lo-in. 25-lb. I-beams, the 
smaller dividers of 4-in. 13.6-lb. H sections and the studdles 
of ;j'/2 in. by 3 in. by M-in. angle irons. Sets were placed 
4 ft. center to center and 2-in. planking used for temporary 
lathing, to lie replaced later by re:nforce{l concrete slabs, the 
planking resting in the hollow of the H section and Ijeing 
flush on the insi<le of the shaft so as to prevent Icxlgment of 
material. In sinking, the sets were kept from 12 to 16 ft. above 
the l;<>tt<-m cf the shaft to avoid any breakage by blasting. 
The bearing pieces used were 12-in. 3r.5-lb. I-beams, 19 ft. 6 
in. long, 4 in a set, placed under the end plates and dividers 
with their ends concreted into the hitches, as shown on Plate 
2. Five sets of these bearers were init in as follows: At 
collar, at 113 ft., at 213 ft., at 313 ft. and at 438 ft. 

In sinking tlie shaft, 72 ft. of surface or glacial drift was 
passed through, the remainder of the shaft being sunk througii 
taconite. Water was encountered at a depth of 30 ft. and the 
flow l>ecame so heavy at a depth of 268 ft. that a temporary 
pump station was cut, 8 ft. by 16 ft. by 41 ft. in the clear 
with a sump 10 ft. by 12 ft. by 7 ft. Two 9 and 18 by 8 by 
i8-in. Prescott compound duplex pumps and a 14 by 9 by 18 
in. Prescott duplex pump were installed in this pump-house 
with four 14 by 8 by 12 in. Prescott sinking pumps shambling 
the water to them. At this time 1.500 gallons per minute were 
being handled. The column and steam pipes were carried 
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<lo\vn the shaft according to the permanent lay-out as shown 
in Plate I, so that when the shaft was completed it was only 
necessary to carry the piping down from the 348 foot pump 
station. By the time the shaft was 356 ft. in depth, 2,400 
gallc»is per minute were being handled requiring six sinking 
pumps in the shaft, cuie throwing to surface, and as the flow 
was increasing, it was necessary to put in another temporary 
purnp station, at a depth of 348 ft. This is 10 ft. by 18 ft. 
by 61 ft. in the clear, with a sump 14 ft. by 16 ft. by 6 ft. In 
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S«tIon Throuih Steel Shaft Sels. 

this station was installed one 12 and 24 by 12 by 24 in. and one 
12 and 24 by loyi by 24 in. Prescott compound duplex pumjis 
and the two 9 and 18 by 8 by 18 in. Prescott compounds were 
moved down from the upper station. This equipment, using 
six sinking pumps, sufficed to complete the shaft although the 
flow ran up to 3.500 gallons per minute before the shaft was 
finished. When the permanent pun^ station was being cut 
the flow ran up as high as 4,000 gallons per minute and to 
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handle this required the addition of a 14 by 9 by 18 in. Cam- 
eron pump which with one of the sinking pumps was put in 
on the entry level and both discharged to surface, the other 
five sinkers shambUng to the 348 foot pump-house. 

The sinking of the shaft was greatly impeded by the flow 
of water, the miners working in from 12 to 24 in. of water 
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UONtOAS PUMP /fOOAf. 
^37F7:L£>f£L N. I 5MAFT. 

all the time. The great number of pumps in the shaft toc^ np 
nuich room and made the shaft exceedingly warm. This shaft 
drained the Adams and Spnice ore bodies, leaving them dry 
by the lime the shaft w'as 300 ft. in depth. In sinking from 
this i)oint to the bottom, if one of the pumps brc^e down, it 
was necessary to stop work to enable the other pumps to handle 
the flow, and this caused many delays. 

After completing the shaft to a depth of 448 ft., the entry 
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to the permanent pump station was started at a di 
ft. Tlie rock-work in the entry and pump-house wi 
two slopes, the upper running from 5 ft. in hei 
side to 13 ft. in the center, was kept 10 to i 
the lower which was 8 ft. in height, the opening 1 
wide by 21 ft. high in the center, as shown on PI 
entry is 32 ft. long and the pump-house opening 
As the steel for the sets could not be delivered ir 
porary wood sets, as shown in Plate 3, were u: 
them Ixtween where the steel sets would come ai 
outside line of the wood posts I in. in tlie clear o 
line of the steel sets. This facilitated the work o: 
the hold-down bohs and small piers for the stee 
the erection of tlie steel work. WJien the rock- 
main ijump-house was completed, tlie steel sets v 
as shown in Plate 4, working front each end towa 
ter an i then through the entry to the shaft, a 
easy way of completing the rock-fill behind the coi 
The start was made by removing two wood sets a 
and putting in three steel sets, the first two being c 
Then the concrete slabs, as shown in Plate 5, whici 
(Jtisly been dipped in hot tar and dried on surfaci 
in place in neat cement behind the steel and as ea 
placed, il was back-filled with brdien rock tamp< 
slabs were ste[>ped up three to a set so that there 
slabs in the center of the breast set when the tl 
steel and slabs were ready to proceed further wit 
The steel gang then removed one wooden set at 
placing it with a steel set, the slab work being 
slabs all around for each steel set placetl. This 
left the back oi>en for quite a distance but if the b 
any weakness props were iMit in either from the 
from the floor. Before the steel and concrete we 
was almost impossible lo see from the ■" 
the pump house on account of '" _.[er' 

from the back but after these ■ 00m was 

tically dry. 
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To keep down the water pressure behind these walls short 
pieces of one inch pipe were placed under the slabs just belwv 
the floor level and these were connected to a pipe under the 
concrete floor leading to the sump. Pipes were also laid 
under the floor from the sump to each fly wlieel pit so as to 




be able to drain the pits, but valves were placed on these 
pipes and are kept closed so that in case of water rising up in 
the station it will not back up into the pits. On the top of 
the concrete slabs in the back, tar pajjer was used to shed 
the water until the cement could set, the back-filling being 
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I>lace<l in oii top of the paper. AltJiough in some places holes 
oijencJ lip in the back as high as lO ft. above the sets, still 
nothing but rock was used for back-filling-. When the station 
had dried up, the slabs were given two coats of white cold 
water paint and the steel two coats of turpentine asphaltutn. 
As soon as the steel sets had been placed in the clear of the 
pump foundations, the templets for these were placed and work 
started. These foundations were finished and had set suflS- 



Flate G. Enaine End of StniUi Pomp. 

ciently before the slab work was completed so that the pumps 
could be installed at once on the comj^etion of the pump-house 
support! ngs. 

The pumping engines are two i6 and 32 by 8 by 36 in, 
Prescott ccrliss cross compound condensing, Missabe type, 
crank and fly wheel, with horizontal jet condenser with a 
normal capacity of 1.500 gallons per minute and a majcimum 
capacity of 3,200 gallons per minute against a head of 450 
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ft. Plate 6 shows the engine end of one of these pumps. 
This t\pt of ptimp was selected on account of its economical 
operat:on, its guaranteed duty being 135,000,000 ft. pounds 
of delivered work per 1,000 pounds of dry steam consumed 
by the engine, when furnished with steam at 125 pounds gauge 
pressure and with a vaccuum of 26 in. of mercury. Each 
engine is supplied by a 5-in. steam Hne and discharges into 
an independent 14-in. column pipe. The steam pipes and 



rUte 7. emaseney Tump In Encrr Drirt. 

dtscliarj]re pipes are cross connected in the entry and provided 
with valves so that eitjier engine can lake steam from either 
steam pipe and either pump discharge into either column p'pe. 
This arrangement, as shown on Plate 4, prevents flooding of 
the mine due to one pump and the steam or discharge pipe of 
the otiier pump being out of commission at the same time. 
An auxiliary pump was installed in the entry drift for use in 
case of emergency as there is always the possibility of some- 
thing going wrong with a new installation. This is a 12 and 
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24 by loj^ by 24 in. Prescott cross compound capable of 
pumping 1,200 gallons per minute against a 450 ft. head and 
is shown in Plate 7. A trench just under the floor of the 
entry connects the shaft and the sump so that the water in 
the shsft can flow into the sump without running over the 
entry floor. Plate 8 shows the water end of North pump and 
the entry drift from shaft. 

A drift 50 ft. in length was driven to the west directly 
opposite the entry and at the breast a sump was put down 
6 ft. by 6 ft. by 20 ft. deep. The drift is now practically 



dry, as shown by Plate 9, but there is an excellent flow of 
pure water from the breast, as shown in Plate 10, which was 
taken from the doorway in the wire partition shown in Plate 
9. In this drift was installed the pump for sui^Iying clean 
water for domestic and drinking purposes. This is an E|>- 
ping-Carpenter pot-form pump 10 by 6 by 12 in. capable of 
pumping 350 gallons ]>er minute against a 500 ft, head. The 
end of the drift has a heavy wire netting partition across it 
so that no one can get near the supply of water. 

The ventilating drifts were driven in rock on an incline of 
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50 degrees, from each end of the pump station up to the main 
tramming level 30 ft. above. These drifts required no sup- 
ports. Iron stairways with railings were placed in them af- 
fording a good passage-way between level and station. The 
water from the level above is conducted alongthe drifts from 
the breasts in box launders covered over for walk-ways, then 
down these ventilating drifts in 12-in. pipes into concrete 
launders below, the launders emptying into the main sumpL 
Board partitions are placed in the box launders and screens 



Plate ID. Breut of Cl«r Water Drift 

over the tops of the pipes to keep the mud, rocks and sticks out 
of the £iimp. 

Afltr completing the pump station, the main level station 
was started at a depth of 405 ft. below the collar or 33 ft. 
above the ]>ump station. The level station is 19 ft. 6 in, by 
47 ft. by 12 ft. high, in the clear, and has steel sets with con- 
crete slabs for lagging on sides and back. On accoimt of the 
ladderway lieing on the other side of the shaft from the 
station, a passageway around the shaft was made using steel 
sets and concrete slabs, while the temporary wooden laths in 
the shaft at the station were replaced by steel plates. Plate 
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II shows the station lay-out, and Plate 12 shmvs a reproduc- 
tion of a picture of the station. 

The main drifts leading north and south from the main 
station and then turning; to the east a short distance in, have - 
steel sets and concrete slab lagging for some distance irom 
the shaft. The one leading north has sets 8 ft. by 8 ft. in 
the clear, made from 6-in. 23.8-!b; H sections lined with 4 in. 
by 12 in. reinforced concrete slabs (Plate 5) extending for 84 
ft. fnwn the shaft station. The drift leading south has steel 




sets 12 ft. by 8 ft. in the clear, with 6-in. 23.8-lb. H sections 
for posts and lo-in. 25-lb. I-l>eams for caps with 4 in. by 12 
in. reinforced concrete slabs (Plate 5) for lining a distance of 
210 ft. from the shaft station. This drift is double tracked, 
with drainage launder between the tracks covered over for a 
walk-way. Motor haulage will be used on this level. 

When the level drifts were well under way, the opening for 
the pockets was cut and the steel put in. The main pocket is 
8 ft.. by 24 ft. by 9 ft. deep with the bottom on an angle of 
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47 degrees. Chutes with finger stoppers lead from this main 
pocket to an auxiliary pocket for each skip, each pocket hold- 
ing on2 skip of ore when full. These are filled from the main 
pocket while the skip is being hoisted and as soon as the skip 
is in place for loading, the tiller wheel opening the door is 
thrown over and the ore falls into the skip, the door closing 
of its own weight. A skip can be filled almost before the 



PtiM 12. Shaft Station iOB ft Lavel 

eng'n^sr can reverse his engine. Plate 13 shows the arrange- 
ment oi these pockets. 

The ore, outside of the pit limits in the upper ore body, 
had l)cen planned to l>e mined out from the open pit but it 
was decided to mine this ore through the shaftand thereby 
save a numlier of years in the raining of the ore. Accordingly 
a level was driven at a depth of 92 ft. from the collar. Steel 
sets with concrete slabs in the back were used for the station 
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which extended back the full width of the shaft for 16 ft. 
The drift extending on from the station has steel sets same 
as in the south drift of the 405 ft. level, 12 ft. wide but with 
concrete slabs in the back only. These extend for 125 ft. from 
the station. As it Tvas necessary to hoist the ore from this 
level on the cage and it was found that, without chairs, tlie 
cage settled so much when the loaded car was being pushed 
on it that occasionally one stood on end, it was necessary to 
design chairs to suit the equifmient. The chairs used are shown 
in Plate 14. These chairs have to be held in place for the 




cage to rest on and when the cage is lifted off, they move 
back out of place, leaving the shaft clear. Motor haulage 
will be used on this level. 

The lay-out of the main tramming drifts on the main level, 
(405 ft. level), is shown in Plate 15. The lay-out of the 
main tramming drifts on the 92 ft. level is shown in Plate 16. 

The wires of the lighting system are carried in conduits 
throughout and every endeavor was made to have the conduits 
water tight. The positive line down the shaft is a No. 10 
double- braid, rubber covered, crown cable and the various cir- 
cuits below are of No. 12 duplex rubber covered wire. 
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The pump station has i8 6o-Watt Mazda lamps with lO 
in. aluminum reflectors, the entry drift 5 and the dear water 
station ;? lajnps of the same size. These light up the station 
in exciillent shape. 




The main station has 4 loo-Watt Mazda lamps with 12 
in. ahiminuni reflectors. Tlie lights in the tramming drifts are 
16 candlei^iwer carljon lamps and are placed every 50 ft. 
along the drift. 
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THE NEW CHANGE HOUSE AT VULCAN MINE. 

BY FLOYD L. BUBRj VULCAN, MICH,* 

No meeting of the Institute and volume of its Proceedings 
seems u be entirely complete without a paper describing the 
latest ;aid best miner's "dry" or change house. Therefore for 
the sake of such completeness, I shall attempt a short de- 
scription of a change house recently built at the East Vulcan 
Mine ■.>£ Penn Iron Mining Company. 

Early in the spring of 1912, the old imperfect and inade- 
quate, wooden structure known as the "dry" burned down, 
and brought to the point of early decision the previously con- 
sidered project of building a new and modem change house. 

At t!:is time and in previous years, a large amount of study 
and thoi:ght had been given to the question as to what would 
constitute an ideal change house. The principal requirements 
named in the order of their relative importance seem to be: 
Perfect facilities for the drying, warming and otherwise car- 
ing for the miner's digging clothes, suitable provision for 
washing off the dirt accumulated on the hands and face during 
the day's toil underground ; a comfortable and convenient place 
for changing from street clothes to underground clothes or 
vice versa; satisfactory provision for the safe and convenient 
storage of the miner's street clothing during his absence un- 
<lerground; good emergency hospital facilities; and toilet ar- 
rangements comprising sanitary closets, urinals and shower 
baths. Good lighting, heating, ventilation, plumbing, fire 
resistance, and good constniction generally, are to be consid- 
ered necessary features in the attainment of the principal re- 
quirements just mentioned. They are means toward an end. 
'Structural Engineer, Penn Iron Mining Co. 
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Tlie matters of permanence and economy of operation and 
maintenance, have to do both with general poHcies of man- 
agement and with local conditions, such as the value, size 
and permanence of the mine for which the equipment is 
planned. Of course there must always be in the mind of the 
designer a continuous conflict between the awful ogre, cost, " 
and the beautiful goddess, perfection. 

The decision was to build a permanent, substantial, con- 
venient, sanitary change house of fire resistant construction 
at minimum cost without considerable attention to architec- 
tural l:«auty. Minimum ci;st implies minimum size of build- 
ing. It was considered necessary to provide for at least 150 
men with llie jxissibility of taking care of 250 men if occasion 
should re(|uire. 

The first mentioned re<iuirement of caring for the under- 
ground clothing was given much consideration, many sclienies 
being ilrawU up ami rejected for one reason or another. The 
scheme finally adopted is in a general way one that has a 
wide use in some i>arts of Europe and in a few places in 
America. By this scheme the clothes are hung upon suitable 
hooks which are afterwards hoisted up out of reach to dry 
and aerate. One c-f the most extensive and widely known 
installations of this sort in America is located at the Marianna 
Ci.al Mine in Washington County, Pennsylvania. During 
the consideration of the design, a visit was paid to Marianna 
and the change house inspected. Through the courtesy of 
friends and associates, various descriptions of such installa- 
tions from English and French technical journals were avail- 
able. From all this data, however, only tlie general idea of 
hoisting the clothes was copied. 

In all the previous installatiwis of which we have knowl- 
edge one man's clothes are hung upon a single multi-pronged 
hoL)k which is attached to a simple chain, not confined against 
swinging, and hoisted up to a more or less high ceiling. 
These chains or hoists have been arranged in blocks cmn- 
prising at least five rows 'between aisles. Their use has not 
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been confined to the mine clothes ; on the contrary the street 
clothes also are hung up, which practice often brings one 
man's street clothes adjacent to and in contact with another 
man's underground clothing. 

According to the design adopted a cupola or monitor, ex- 
tending the full length of the locker room, has been built and 
up into this drying chamber the clothes are hoisted. Near 
the base of this monitor are coils of steam pipes from the 
region of which quantities of dry warm air rise through and 
about the clothing. The monitor is surmounted at its center 
by a large ventilator which provides for the escape from the 
building of this air now laden with moislure and disagreeable 
odors from the clothing. The monitor is about four feet 
wide inside and pruvides for only two rows of hoists which 
places each row adjacent to an aisle. No street clothing is 
hung on these heists, lockers being provided for them. 

The supports for the mine clothes, we have chosen to call 
hook racks. A lHx>k rack consists of a hollow central stem 
to which are attached twelve or sixteen large h(x>ks. This 
central stem is made up of two channels placed flange to 
flange and held in that [wsititwi by the pressure of the hooks 
which are b<:-lted together in pairs, enclosing the stem. The 
stem being Irollow, a space is provided which is occupied by 
a round steel guide ro<l up and down which the rack can be 
made to travel at the will of the oi>erator. This guide rotl 
is about 22 feet long ajid extends from an attachment at a 
point about a foot above the floor up to a point about a foot 
below the ceiling of the drying chamber or monitor. The 
hot^cs can turn about the guide rod but, of course, they are 
confined by it against swinging. This arrangement confines 
the rack to space allowed for it and prevents adjacent racks 
and their hoisting chains from becoming entangled. For the 
sake of economy each rank is assigned to two or three men ' 
and to neutralize the excessive hoisting load a counter-weight 
is attached to the chain. Suitable hooks are provided for hold- 
ing the chain at any desired point in its travel and there are 
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)ja{llocks to lock it agtiinst the evil designs of "tlie other fel- 
low." These devices are attached to a horizontal 3 by 3J4 
in. steel angle located at a height of about four feet atx>^■e 
the floor. The horizontal area contiguous to each hook rack 



is a rectangle 21 by 24 in. and the one double row includes 
a total of 84 racks. These racks have been in use now for 
several months and seem to fulfill their purpose well, though 
it is not claimed that the scheme is ideal. 
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Lockers are provided for the street clothes. To economize 
in floor and wall space, it was decided to use double-tier lock- 
ers and in order to have them of proper height and yet be 
able to reach into the upper tier of lockers successfully, it 
was necessary to have a seat run along the front of the lock- 
ers nineteen inches above the floor and to use this seat as 
a step. The lockers are home-made and consist of cylinders 
24 in. in diameter and 46 in. high, revolving about a central 
spindle. Each locker is provided with a series of 6 3-pronged 
hooks but has no shelf on account of limited vertical dimen- 
sions due to the double-tier arrangement. They are doorless 
and are closed by revolving them until the opening conies 
adjacent to the wall along which they are arranged. They 
may be locked in this closed position at the pleasure of the 
men who possess the keys. This type of locker is the inven- 
tion of the author of this paper and his intention is to apply 
for letters patent upon the idea. 

The available wall space gives room for 64 lockers in each 
tier or a total of 128 lockers. There is ample room in each 
locker for two men's street clothes at one time while three 
men would not be badly crowded. The lockers are strong and 
to illustrate their strength, it might be mentioned that upo;n 
several occasions a large man has been enticed into one of the 
lockers and the unsuspecting victim given a free merry-go- 
round ride therein. 

The lockers and hook-racks occupy a rectangiilar room 17 
ft. 8 in. wide and 80 ft. 4 in. long. Pi voted- ventilator steel 
sash windows at about 9 ft. above the floor are arranged along 
one side and at both ends of this room. At each end of the 
room is an emergency -ex it door opening outward. 

Connected by an open doorway with the locker roMn and 
separated from it by a partition reaching only to within some 
four feet of the ceiling is the wash room. This room is 
about 9 ft. 8 in. wide and 36 ft. 6 in. long, and contains 
about 70 lineal feet of vvash-trougli arranged on the two sides 
and one end of the room. The men use this trough cmly ag 
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a sink or support for pails, each man providing himself with 
a paid to be used as a wash basin. This is standard pl^c- 
tice at all the changing houses at the Penn Mines. The trough 
is made of concrete and is so shaped as to form at the back a 
gutter the bottom of which slopes to catch basins discharging 
into the sewer and into which gutter each man dumps his pail 
of wash water after the completion of his ablution. The bot- 
tom of the main portion of the trough slt^ws slightly toward 




the gutter so that water dumped upon it goes immediately into 
the gutter and one man's wash water does not inconvenience 
his neighbor. Hot and cold water is on tap at three foot in- 
tervals along the length of the trougli. A coil of steam pipes 
attached to the wall just above the water pipes gives heat to 
the room. 

In working out the floor plat only a small space seemed 
to be available for first aid purposes. This room is 9 ft. 3 
in. wide by 9 ft, 1 1 in. long and may prove to be rather 



uyu 



LAKE SUPERIOR MINING INSTITUTE 



217 



cramped when equipped with the hospital apparatus needed 
for such a place. However, there is a very high ceiling and 
by a proper use of the space overhead, the floor area may be 
conserved and found sufficient when the equipment is in. In 
order to give the room sanitary qualities, a heavy coating of 
enamel has been applied to the floor, walls and cealing. 




The irregidar shaped office room is also something in the 
nature of a left-over and there was some doubt of its being 
adequate, the flo<^>r area being only about 45 feet. However 
since it has been in use, it seems to be large enough for its 
purpose. The shift bosses go into it to write their daily re- 
ports but its greatest use is by the dry man who uses it to 
dispense cart>ide as well as for an office where he stands in 
taking, the numbers of the men going on shift. 
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The toiler room is of ample size and contains Iwo shower 
hatlis, three urinals and three closets. Each shower room has 
a vestibule where the bather may disnibe and hang up his 
clothes. The fixtures are of the ordinary type without mix- 
ing chambers. The urinals are high grade and arranged for 
ample flushing. The closets are high grade, automatic in 
action and are e(|uipi>e<l with white enamel iron tanks. They 
have proven to be extremely satisfactory in use, and as yet 
no difficully has been exi)erienced in keeping them perfectly 
clean. They flush in every way similarly to an ordinary non- 
automatic, low tank closet, except that the remo\-al of the oc- 
cn])ants weight from the seats takes ihe place of the usual act 
of pnlling a chain, pushing a button, or otherwise voluntarily 
()|X!rating a lever. In the opinion of the writer of this paper, 
they are far sui)erior to the closed or air-pressure-tank type 
of antomatic closet. 

Considerable thought was given to the subject of a projier 
entrance to the building. The shortcoming of most existing 
change Ionises was recogm'zed in that there is no adequate 
provisions against a current of a>ld, winter air blowing in 
through open doors upon men half naked in the operation of 
changing and washing. It was decided to have a revolving 
door, built of steel and asbestos, this has been built at our 
own ,shoi>s and is about to be set up. 

One of the conditions most essential in a modem change 
house is (jcrfect cleanliness and it was necessary in the design 
to so arrange that the dry man could clean up each morning 
with a mininuim expenditure of time and labor and with a 
maximum degree of perfection. The floor of the building 
which, of course, is of concrete, is so built that it slopes from 
every i)oint in the building down to a large central catch- 
basin located in the center of the locker room. There is an 
exception to this statement in that the floor in each of the 
shower-bath rooms slopes locally to a small catch basin. This 
large catch basin is so provided with trap, screen, and flush- 
ing arrangenients that the dryraan may with impunity wash 
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all dirt and litter down to it. Sticks, matches, tobacco bags, 
discarded hats, all land at the catcli basin, and, of course, 
there are large quantities of ore and jaspar that go the same 
way. The building is so piped that at five different points a 
OTie-inch hose may be readily attached for this floor washing. 
One 25 ft, length hose is sufficient to reach every part of the 
building. 

Compressed air is piped into the building and is on tap 
at several points where a small hose may be attached for blow- 
ing dust from the tops of lockers or other points of lodgment. 

The building is heated by steam, piped in from the boiler 
house. The coils located in the various rooms are each pro- 
vided with valves so that the temperature of the different 
rooms may be regulated separately. The steam pipe located 
in the monitor are in four coils, thus allowing special reg- 
ulation there, to suit the season, or special conditions. All 
water of condensation is discharged through a steam trap to 
a concrete tank located over the revolving door-way, and hot 
water is drawn from this tank for the wash room and shower 
l>aths. 

The illumination of the building is very satisfactory, due 
to the high windows and to white-washed walls and ceiling. 
Electric incamlescent lamps are provided in plentiful number 
for night illumination. It may be mentioned that there are 
a few in the entrance way and main aisle that stay on all 
night while the great majority are switched on only at times 
when tlie men are in the building. The lights are arranged 
on several sub-circuits for the sake of econcmiical control. The 
main switches aiid all the sub-switches are located in the office 
room excepting one located in the hospital room to control 
the lights there. 

The building is of fire resistant construction throughout. 
It is not fire-proof in a strict sense because many steel mem- 
bers are exix>sed, but considering the contents of the building 
there is practically no risk of any fire sufficient to injure the 
stmcture. The nucleus of the building is a structural steel 
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frame of sccnewhat unusual design. The outer columns are 
merged into a 6 in. concrete wall and the roof beams support 
a concrete roof. Inside of the 6 in. concrete wall is a 2 in. air 
space, a layer of No. i tarred felt, a J^-in. air space, and 
last of all a i-in. slab of cement plaster. The roof consists 
oi A I'/i in. slab of concrete, below that an air space, a layer 
of asphalt mastic wall board, another air space, and at the 
bottom a 2-in. slab of concrete. The partitions consist of 
cement plaster walls 2 in, thick. Some of these partiticms 
reach entirely up to the ceiling, while others of them reach 
only part way up. All the concrete and plaster work is re- 
inforced with "Trussit" and "Self-Centering," furnished by 
the General Fire-Proofing Company. The steel window sash 
came from the Trussed Concrete Steel Company. Wooden 
storm sash are provided, to be used in winter. They are ap- 
plied inside the regular sash. The roof inclusive of sides and 
top of monitor is water-proofed by the application of Carey's 
Flexible Cement Roofing, with a surfacing of asphalt. The 
exterior of the walls is uniformed and slightly tinted by the 
application of "Trus-Con Stonetex." The interior of all 
walls and ceiling- except in the hospital room are treated with 
white-wash. For the lower five feet of the walls the white- 
wash was stained red by the use of powdered hematite. All 
the exposed steel work is painted black. 

The normal capacity of the building is taken as 252 men 
but it might be possible to take care of more should occasion 
arise. A little calculation may be in order. The 84 hook 
racks will each hold the underground clothing of three men, 
making the total ca|>acity as r^;ards hook-racks to be 252 
men. The 128 circular lockers will each normally be issued 
to two men, one man 011 day shift and one man on night shift, 
which would total 256 men, approximately the same as the 
hook racks acconimotlate. However these lockers will easily 
hold two men's clolhes at one time and on a pinch three men 
can crowd their clothes in. Therefore it would be practicable 
to assign each locker to two men on each shift and each locker 
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would thus take care of t!ie street clothes of four men. By 
thus assigning the lockers, only 63 of the 128 would be needed 
to equal the capacity of the hook-racks, and 65 lockers would 
be empty. Now there are a good many miners wlio work in 
dry places who could get along with the circular lockers for 
both street and mine clothes. Two men could easily occupy 
a locker together in this way and the 65 lockers could thus be 
made to accommodate at least 130 men. By this arrangement 
the capacity would be 252 plus 130 or 382 men. In computing 
the cost per man however, a capacity of 252 men is consid- 
ered. 

The work of construction has all been done by the regular 
mine force and, as is usual when done in that way, has dragged 
along so that even yet there are a few things to do, such as 
hanging permanent doors in place of rough temporary ones, 
supplying seats and hooks in shower bath rooms, and equip- 
ping the hospital. Estimating the cost of the few items yet 
to be finished, the total cost amounts to $10,325.00. This cost 
includes excavation, grading, building and construction, pip- 
ing, sewerage work inside and outside of building, wiring, ex- 
perimental work, and equipment. For a capacity of 252 men 
this amounts to a cost of about $41.00 per man. 
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MINING METHODS ON MISSABE IRON RANGE. 

(DlscuBBloD ot tbe Paper of Wlllard Bayliss, B. D. McNeil, and J. 3. 
Lutes, Committee, p. 133). 

WiLUAM Kelly, Vnlcan Midi : The paper just read 
gives us an exceedingly clear idea of the varying conditions 
which are met with in mining on the Missabe and the modifi- 
cations of the general methods which have been worked out in 
practice to meet tliese conditions. The statements are so clear- ' 
ly made that there is little room for discussion. 

One matter not touched on that might gi\-e additional 
value to the paper is the percentage of ore recovered or con- 
versely the loss of ore in the methods that are being used 
on the Missal>e Range. I am very strongly of the c^inion that 
tlie underground methods used here result in the saving of 
a very high percentage of the original amount of commercial 
ore in the ground, and if this is the case, and an estimate can 
be made, the figures should have a place in this paper so that 
the methods perfected in this district may receive the credit 
to which they are justly entitled. 

Pentecost Mitchell^ Duluth, Minn': I think that Mr, 
Kelly's suggestion is a good one, and that matter ought to 
be brought out. At various times estimates have been made 
and checked up very closely by some of the mining companies 
and the representatives of the fee owners. 
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REPORT OF COMMITTEE ON THE PRACTICE FOR 

THE PREVENTION OF ACCIDENTS. 

(Dfscussltin of the Paper, p. 31). 

William Kelly, Vulcan, Mich: Mr. President, I take 
it that this report is merely a report of progress, and that we 
can look forward to a more extended report later. Am I 
correct in that hope and expectation? 

Secretary: I will say that the Committee has prepared 
this classification in the hope that it would get the matter 
started, and they are very anxious to receive suggestions re- 
garding the classification. ' They believe that it would be ad- 
visable to make r^jxJrts conform to the reports of the Bureau 
of Mines, and this paper sets forth the classification adopted 
by the Bureau at the present time. If any of the mining com- 
panies desired to carry the detail a little further they could 
still use the general captions and elaborate their reports to 
suit reijuirements. 

Pearson Wells, IronwiXHl, Mich: I notice that one o( 
the objects of the Committee was to do some work on uni- 
fonn mine accident laws. I have here a copy of the report 
i>n that subject by the Committee appointed by the American 
Mining Congress. The Technical Society of Colorado went 
over these proposals for unifonn mining laws and changed 
them to a considerable extent. I would like to put this into 
the hands of the Chaimtan of the Committee, but since he 
isn't here I will hand it to the Secretary. I think the Ccmti- 
mittee can find something of value in it. The Colorado Com- 
mittee was to report to the American Mining Congress and 
also to the American Institute of Mining Engineers, and dis- 
cussion, suggestions and criticisms by other bodies interested 
in mining, and from mining men in general, were invited by 
the original Committee. 

(The reix>rt referred to is the "Proceedings of the Colo- 
rado Scientific Society, Vol. X, pp. 279-414," July, 1913). 
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MINE LAWS, SPECIAL RULES AND THE PREVEN- 
TION OF ACCIDENTS. 

(DlscusBlon of the Paper of E. B. Wilson, Scranton, Pa., p. 103). 

Edwin Higgins, Ironwoocl, Mich: On page ni of this 
volume there appears a cut of a danger sign. The only ref- 
erence to it in the text is where the writer states:' 

"In the absence of state mine laws to govern metal min- 
ing, it certainly is advisable that the operator apiK>int a safety 
committee, make a uniform set of mine rules, make use of 
danger signs, and also issue from time to time safety pamph- 
lets for Ihe miners alt over the fields, calling attention to the 
accidents that have happened and how they may be avoide<l." 

There is a publication to come out shortly by the Bureau 
of Mines, on the use of mine signs in metal mines, and an 
important feature of that paper will ]>e the recommendation 
of three universal signs. The Bureau has retjuested me, if 
possible, to get some discussion or some expression of (4>inion 
on these signs which it will recommend. Unless there is some 
objection to them by some mining body or institution in some 
part of the metal mining country, these signs will i>e recom- 
niende<l by the Bureau as universal signs. They are as fol- 
lows ; 

1. Universal danger sign: A circular red ball painted on 
a white backgrotmd. 

2. Universal safety sign : An arrow painted in any dis- 
tinctive color. This may I>e used also to indicate the direction 
to outlet shafts, main drifts, etc. 

3- Universal sign indicating ladderways: A ladder paint- 
ed in a dark color on a light colored background. 

Pearson Wells, Ironw(X>d, Mich : This suggestion came 
up at the last meeting of the Mine .Association of the Go- 
gebic Range. Although we ha\en't come to any definite con- 
clusion on the matter, I think that the Association will be 
in favor of adopting' anything that the Bureau recommends. 
I say this for the benefit of the operators on the other ranges. 
I can't say definitely that we will resolve to adopt it on the 
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Gogebic Range, but it certainly looks like a good thing to us 
because, the more general these things can be made the better 
it is for ail concerned Our men are migrating from place 
to place a great deal, and if we can educate Ihem up to the 
universal signs it is bound to help a great deal on all the 
ranges. Mr. Higgins tells me that the Mining Association in 
the Iron Mountain district also look upon these universal 
signs favorably, in fact, I believe they have resolved to ac- 
cept what the Bureau proposes. 
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SAFETY I\ THE MIXES OF THE LAKE SUPERIOR 

IRON RANGES. 
(DiscuBSlott o! tbe Paper of Edwin Higglns, Ironwood, Mich., p. 63). 
A. H. Fay, Wasliington, D. C: Three years ago I visit- 
ed the iron ranges of Minnesota and Michigan and in pass- 
ing through a mnnl)er of machine shops and also around the 
headframcs, hoisting plants, etc., 1 noticed that some of the 
companies were piitiing up guard rails and other safety de- 
vices on machinery, stairways aiid'laddervvays. This, how- 
ever, was only in a few places. These guard rails and other 
safety devices were still fresh from the planing mill with 
scarcely a grease mark on them, indicating that the work was 
of recent date. I find today that practically all of those have 
been replaced hy pijKr and substantial frames of various kinds. 
This is not only at a few mines, hut at many. The gearing 
of lathes- has been enclosed; wire netting has lieen placed in 
front of other dangerous machinery; emery wheels have been 
covered with sheet iron; and band and circular saws have 
been encaEe<l. Stairways of heading frames, and in shops 
as well, have l»een provided with hand rails, and shaft oiien- 
ings pronided with automatic gates or -covers. In addition 
to all of these mechanical improvements there has been in 
progress a campaign of eilucation among the miners, foremen. 
and oiieratcrs all of which has resulted in a decrease in the 
fatality rate in the Lake Superior district. This decrease is 
shown in the fo[I()wing tahulatiiin of fatalities for 1911 and 
1912. 

FATALITY RATKS IN MICHIGAN AND MINNESOTA COMPARED 
FOR THE YEARS 1911 AND 1912. 

Number 

Killed 

Number Per 1,00(1 

Killed. Employed. 

Michigan Iron mines. Iflil Oft 4.67 

Michigan iron mines, 1912 52 3.62 

Michigan copper mines, 1911 ti'.l 3,80 

Michigan copper mines, 1912 .- 44 2.96 

Michigan total for all mines, 1911 134 4.24 

Michigan total lor all mines, 1912 96 3.25 

MinneBota Iron mines, 1911 76 ^.i^ 

Minnesota iron mines, 1913 5Q 3.02 



uyi. 



232 DISCUSSION 

It will be noted from the above table that the fatality rate 
_ has been decreased practically one unit in each case, and it 
is hoped that with the good work that is being; done in the iron 
and copper mines of Lake Superior district that a still fur- 
ther reduction in the fatality rate may l>e obtained: 

Pentecost Mitchell, DuKith Minn: The figures sub- 
mitted by Mr. Fay are very interesting, and I think they should 
be included in our proceedings here this evening as showing 
the progress that has been made during the last few years. 
1 think IJiis has been general over the whole Lake Superior 
country. 
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BIOGRAPHICAL NOTICES. 
Chas. T. Harvey. 

Boni in 1829, in Connecticut. In Ills youth he worked as 
a clerk for Josiah Wright, in a grocery store, and later on he 
became traveling salesman for the Fairbanks Scales Company. 
In 1852 he came to Marquette, an invalid, seeking health aft- 
er a severe attack of typhoid fever at his home in Connecticut. 
At that time he represented, as western agent, the Fairbanks 
Scales Conii>any and looked after their business when he first 
came. 

During his visit at Marquette he saw, as had many oth- 
ers, the necessity for the locks at Sault Ste. Marie and busied 
himself immediately in starting such a project. Standing six 
feet two inches, with great personal magnetism, he soon over- 
came all opj>osition to such a project in the state legislature, 
and organized the SauU Ste. Marie Canal & Land Co., with 
the necessary capital to complete the canal. 

A go\-ernment land grant of 750,000 acres was gi\-en for 
the building of the canal, and Mr. Harvey was placed in 
charge of the project and personally superintended the con- 
struction of the canal, which was completed in 1855, 

In 1857 Mr. Harvey organized the first company to build 
a blast furnace in northern Michigan. It was called the Pio- 
neer furnace and was located in Negaunee. This company 
was later on absorbed bj- the present Pioneer Iron Company, 
with furnace at Marquette. 

He also obtained a charter for the building of a railway' 
from Ishpeming to Escanaba in the early sixties and which 
is now the Peninsula division of the C. & N. \V. R'y. 

Later he was awarded a state approi>riation for the best 
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rapid transit system in New York city, which was the elevat- 
ed street railway. 

Throughout his life he was continually promoting enter- 
prises of great puhhc importance but irom wliich he gainetl 
but little for himself. His ability in such matters and good 
judgment in their direction won wealth to many but in which 
he seldom shared. He died in Xew York city March 14, 191 2. 

Louis W. Powell, 

Louis W'estoii Powell was lx>m at \Vyther\-ille, Va., and 
was a graduate f>f Washington and Lee University. For a 
time he was enipli.yed in the iron mines, at Virginia, coming 
to the Palms mine, at Bessemer in 1896. 

In 1900 he liecame connected with the Oliver Iron Mining 
Company, at Duluth, as assistant to the president. He re- 
mained with this Comi>any, as assistant general manager, un- 
til 1506, at which time he became general manager for the 
Calumet & Arizona Mining Company, at Bisbee, Arizona. 
In 1910 he resigned this iK>sition and was interested for a 
numljer of years, until his death, in promoting different min- 
ing companies in Mexico and the Southwest. At his death, 
which occurred in Xew York on October 24, 1913, he was 
president of the Elenita De\'ei(>pnient Company, vice president 
of the Cananea Coi)])er Company, and a director in other 
copper mines. 

Dr. George Koenig. 

Bom in Gennany, 1845, Educated in Heidelberg. He 
came to America in his youth and taught chemistry for twenty 
years in the University of Pennsylvania, He established the 
first course in mining ever taught in the United States. In 
1892 Dr. K(,-enig joined the Michigan College of Mines, at 
Houghton, as professor of chemistry. 

He had a kindly humor and his lectures were very popu- 
lar with the students because he illuminated them-with quiet 
fun at times. 
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He died Januarj' 14, 1913, at Philadelphia, of arterio 
sclerosis. 

His works on chemistry are used as text lx>oks at the 
Michigan College of Mines and other colleges. 

A. LANtT.AR NORRIE. 

Born in 1858; his early home was in New York city. He 
received part of his education in England. Came to the 
Northern Peninsula in 1885 and, having some capital, c(wn- 
mcnced to explore on the then new Gogebic range. He 
located the Norrie mine in 1885 and 1886 and then retired 
from his mining work, living principally in New York city. 
He <lied there December 22, 1910. 

(Iraham Pof'E. 

Mr. Pope was bom in the city of Boston, Mass., October 
12, 1840. He was etUicaled in the pnblic schools there and, 
for a year following his student life, worked in a nantical and 
scientific inFtrament sh<.'i>. He then took a position in a 
large mercantile house and there gaine<i a business education. 

In 1861 Mr. Po])e came to Houghton and entered the 
employ of the Isle Royale Mining Company with the inten- 
tion of following mining work thereafter. He was made 
treasurer and manager of the Hoiightun Copper W'orks in 
1871 and continued this work for two years until the con- 
cern had to close in 1873 for lack of capital. Then for a few 
years Mr. Pope was engaged on tribute mining, until 1878, 
when he Ijecame a memlx'r of the finn of Poi)e, Shepherd & 
Co., later becoming sole owner. 

In 1892 Mr. Pojje again entered the mining field, as 
manager of the Franklin Mine, and again gave up mining in 
1899 owing to the pressure of his private affairs. He also 
closed his mercantile business and retired to private life. 

During the Civil war Mr. Poi>e was a lieutenant in Com- 
l>any I, Twenty-Third Michigan Volunteer Infantry, and was 
largely instrumental in recruiting this Houghton county com- 
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pany. He was the donor of the soldiers' mouunient in Hough- 
ton, dedicated May 30, 1912, 

Mr. Poi^e was president of tlie Lake Superior Mining In- 
stitute for the year 1900 and was always an enthusiastic 
su|)ix>rter and member of the same. 

In 1864 he marrietl Miss Alice H. Fielder, of Hougliton, 
who died in 1876, and they are sur\-ived by one son and three 
daughters. He died Sunday, July 8, 1912. .\n active, aggres- 
sive man, throngliout his entire life, which was nearly all 
spent in the iilJlxr jieninsula; he als;> possessed those quah- 
ties that drew from his associates their honor, respect and 
affection. At his death tliere were few in the Lake Superior 
region that stood as high in the estimation of those engaged 
in the business of mining. 

EdWIN' J. HULBERT. 

Bom at Fcrt Brady, Sault Stc. Marie, April 30, 1829. 
He was a son of John Hulbsrt, of Sault Ste. Marie, and a 
nephew of Henry W. Schojlcraft, the historian. He was 
employed in 1857 on the survey of tlie state road from Coi>- 
per Harbor, by way of ILigle Harbor Cliff and Houghton, to 
Ontonagon and, during that time, the first discoveries of 
conglomerate boulders were made. 

He purchased lands whieh he thought contained copper 
veins and, in iJ-Y^. <hscovercd the Calumet conglomerate lode 
in a pit sunk by John Hulbert. Jr., and Amos Scott. Ko. 4 
shaft, Calumet mine, marks the site of the pit in which the 
discovery was made. 

Mr. Hulbert had the first survey made for the Portage 
Lake canal, the work l)eing done by W. H. Hearding, then 
of HuughtfU. For this survey he i)ersonaily paid. The 
wivrk was afterwards completed by the government. During 
iiis discover)' of the Cakmiet & Hecta conglomerate. Mr. 
Hulbert acquired large tracts of land in the vicinity of the 
original pit, the Tamarack Mine being situated upon some 
of them. 
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For various reasons he lost almost all his holdings and, 
not wishing to remain in the United States, moved to Rome, 
Italy, where he died October 20, 1910. 

Anson B. Miner. 

Born in Illinois in 1846. He entered a Chicago banking 
institution at an early age in the capacity of office boy. He 
soon gained a knowledge of the banking business and ad- 
vanced rapidly until he was appoinletl as cashier, a position 
which he filled until 1874, when the bank was burned out 
and he was forced to journey to the West because of ill 
health. He returned to Chicago after an absence of several , 
years and took a position with the First National Bank, re- 
maining there until 1883 when he went to Ishpeming as cash- 
ier of the First National Bank of that city. The bank was 
reorganized later, the name being changed to the Miners' 
National Bank, and Mr. Miner was named as cashier and 
managing director. 

He was one of the keenest Ijankers in the Upper Peninsula 
and his advice was sought by many. He took a great deal 
of interest in the mining business of the country and never 
failed to attend the sessions of the Institute. 

Mr. Miner was married to Miss Colter, of Ontonagon, 
at Ishpeming. and one daughter, Mary Miner, was born to 
them. He died at Ishpeming on January 13, 1913, after a 
short illness. 

John McEncroe, 

Bom at Detroit, Michigan, in 1834. Twenty years later 
he left his native city and started for the Upi)er Peninsula, 
stopping first at Sault Ste. Marie, where he spent a few 
months, and then joiinieycd to Marquette. At this place 
he secured work on the Marquette, Houghton & Ontonagon 
Railway, which was then being built. In 1856 he went to 
work at the Eureka Mine, located a short distance from 
Marquette. The projierty was ojjerated by A. B. Ward and 
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the ore was of the bog variety and was sent to the Wyandot 
furnace for smelting;. The mine soon played out as the de- 
l>osit was small. 

In 1858 Mr. McEncroe* went to Ishpeining to enter the 
employ of tlie Lake Superior Iron Company and he remained 
in the ser\'ice of that company for 53 years, being placed on 
the pension roll a few years prior to his death. lie was one 
of a little band of ten working under Gilbert D. Johnson. 
the Company's first superintendent. His first work was that 
of a miner, working in the open pits, for which he receivetl 
seventy-five cents per day. In 1S60 he was proinoted to 
the foremanship of one of the pits. In 1865 he was made 
foreman of all of the pits and all of the surface work. 

In 1873 Mr. McEncroe was' made mining captain of all 
of the Company's hard ore mines, a i>osition which he held 
continuously until he retired, with great credit to himself and 
profit to his employers. Captain McEncroe needs no greater 
C( mpliment to his ability as a miner; to his organization of 
a working force, or to his character as a stable citizen than the 
simple statement that he had been engaged with one company 
for fifty-three years. He entered the Lake Superior field when 
tliere were hut a few mining proi)erties and the metiiods of 
extracting ore were crude, and the experiences that he often 
related of the early days on the ilarquette range were highly 
interesting. 

He was the oldest resident of Ishpeming, Mich., at th'> 
time of his death, which occurred on April 23, 1913. 
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Lake Superior Mining Institute. 
LOCAL COMMITTEES FOR I8th ANNUAL MEETINa 
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O. W. Johnstone 
Herbert Warren 
F. A. Brewer 

W. C. La Rue 



C. H. MungeT 
Geo. H. Crosby 

D. E. Woodbridge 



ARRANGEMENTS 

John H. McLean. Chairman 

D. M. Philbin 
R. M. Sellwood 
D. L Fairehild 



Geo. D. Swift 
W. W. J. Croze 
W. H. Cole 



F. E. House 
J. R. Michaels. 
Thos. Owens 



TRANSPORTATION 

W. A. McGonagle, Chairm 

W. W. Walker 
A. V. Brown 
Oscar Mitchell 



C. O. Jenks 
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Geo. M. Smidi 



S. S. Rumsey 
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ENTERTAINMENT 

Francis J. Webb. Chairman 
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W. J. West 



L. R. Salsich 
W. P. Chinn 
J. S.^Uiitia'^"^ 
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ITINERARY 

Lake Superior Mining Institute 

TUESDAY, AUGUST 26ih, 1913: 

Headquarters at Spalding Hotel, Duluth. 

Leave Fifth Avenue dock by Steamer "Columbia" for steel plant 

at 2:00 P. M., returning to Duluth between 6:00 P. M. and 7:00 

P.M. 
Leave Duluth by special train, via Duluth & Iron Range Railroad. 

from Union Depot at 12:00 o'clock midnight for Aurora. 
WEDNESDAY. AUGUST 27th. 1913: 

Breakfast on train at Aurora. Leave al 8:00 A. M. by automobile 

for the following mines: Biwabik, Corsica, Elba, Schley, Pettit. 

Genoa. Fayal, Adams and Spruce. 
Luncheon at Glode Hotel. Eveleth, 12:00 o'clock noon. 
Leave Eveleth I :30 P. M. and visit the following mines: Norman. 

Union, Commodore, Lincoln, Alpena and Virginia & Rainy Lake 

Company's saw mill. 
Baseball game at 4:00 P. M. at Virginia between Northern League 

teams. 
Dinner at Elk's Club, Virginia, 6:30 P. M. 
Business meeting, Virginia High School, 8:00 P. M. 
Elks Club and Virginia Club will be open in the afternoon and evening 

to all members of the Institute. 
THURSDAY, AUGUST 28th. 1913: 

Breakfast on train at Virginia. Leave at 8:00 A. M. by automobile 

for following mines: Brunt, Mountain Iron, Wacoutah, Kinney, 

Whiteside, Woodbridge, Grant and Shenango. 
Luncheon at 1 2 lOO o'clock noon at Chisholm, in Bergeron Hall. 
Leave ChUholm 1:30 P. M. and visit the followbg mines: Leonard 

and Monroe. 
Arrive at Fair Grounds, Hibbing, 3:30 P. M. Attend horse races. 
Dinner on train at 6:30 P. M. 
Vaudeville entertainment. Armory, 8:30 P. M. 
Algonquin and Oliver Clubs will be open in afternoon and evenmg to 

the Institute Members. 
FRIDAY. AUGUST 29th, 1913: 

Breakfast on train at Hibbing. Leave at 8:00 A. M. for Hull-Rust, 

Burt'Pool, Sellers and Buffalo 6c Susquehanna Mines. 
Leave on Great Northern Railway at 10:30 A. M.. visiting the fol- 
lowing mmes: Stevenson. St. Paul, Bray, Hawkins, Crosby, Hill, 

Holman and Canisteo, arriving at Coleraine between 5:00 and 6:00 

P. M. 
Luncheon and dinner on train. 
Moving pictures of Missabe Range mines and business meeting. Village 

Hall, 8:00 P. M. 
SATURDAY, AUGUST 30th, 1913; 
Breakfast on train at Coleraine. 
Leave at 8:00 A. M. for mspection of Concentratmg and Power 

Plants. 
Leave Coleraine. via Duluth. Missabe Ac Northern Railway, at 10:30 

A. M. for E>uluth. 
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HISTORY of DULUTH 



HE HISTORY of Duluth commences with Daniel de 
Gresolon, Sieur Dulhut, one of the explorers of the 
Upper Mississippi, who came to the head of the lakes 
in the summer of 1 679. Radisson and Groseillier, and 
Claude Allouez, a Jesuit priest, preceeded Dulhut to 
the Lake Superior district, and are supposed to have 

visited the head of the lakes, but there is no authentic account 

previous to that of Dulhut. 

4 In 1 792 the fur traders established a fort at Fond du Lac, on the 
St. Louis river, 1 5 miles above the present city of Duluth. In the 
early 50'8 there were a few scattered squatters at Oneola and around 
the George Stuntz trading post on Minnesota Point. In 1855-56 the 
setdement on Minnesota Point was called Duluth, commemorating 
the name of Dulhut. 

q The first railroad was built to the head of the lakes in 1670. The 
charter for this road had been granted in 1861 to the Lake Superior 
and Mississippi Railroad Company, afterward called the St. Paul and 
Duluth, and which is now a part of the Northern Pacihc. 

Q In 1670 the population of Duluth was about 1,200, and Oneota 
500; 1880,3,480; 1890,33,115: 1900,52,969; 1910.78,184. 
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Si. Louis County Court House, Duluth. Minnesota 



!. Northland Country Club C^'oOolf 
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Minnesota Steel Company Shop Building* 

fl The plant of the Minnesota Steel Oimpany is located on 
the St. Louis River, nine miles from Union Depot at Duluth, 
on a tract of 1 500 acres, with two miles of water front and 
connected by the Spirit Lake Transfer Ry. and Interstate 
f^ilroad, with all railroads entering Duluth or Superior. The 
present plans include: 

city each; ihin lined, water cooled shells: 

ly 75 tons each, (f^ch furnace equipped 

with 400 h. p. boiler for utilizing watte heat.) 
Four 4-ho1e soaking pits- 
One 40-in. reversing Blooming Mill, mteam driven, with low pressure turbine 

generator set. 
One 28- in. (iniahing mill — Motor driven 
One 16-in. continuous roughing train wit 

3 Stand 12-in. finishing 

2 Stand lO-in. finishing 

2 Stand e-in. finishing 
Power house-10,000 KW capacity 

Five blowing englnea gas dHven. 20.000 cu. h. capacity each. 
Pumping station- -(0.000.000 gallons daily capacity 
Machine Forge and Structural Shop. 
Three continuous reheating furnaces— regenerating type, end discharge, designed to 

use 16-foot billets. Estimated daily capacity of 1,000 tons ingots. 
All building, steel (ramem enclosed with two-piece concrete blocks. 

4 The company are also erecting 1 75 houses containing 
350 apartments. A cement plant with a capacity of 4000 
barrels per day will also be built. vti^kivh^ 
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GREAT NORTHERN POWER COMPANY 

4 The Great Northern Power Company started a commercial 
operation July Ist, 1906. with ten customers, using 16,000 horse- 
power. Today it is supplying forty customers using 40,000 horse- 
power. These customers include railway companies, lighting com- 
panies in Duluth and Superior, also power for pumping the water 
supply to the city of Duluth and several miscellaneous customers 
including sixteen of the twenty-one coal docks at the head of the 
lakes. 

^ The installation consists of three 1 5,000 horsepower units and a 
20,000 horsepower unit is to be put in this winter. 

4 The plant is fifteen miles from the center of the city and the 
present development has an effective head of 375 feet at the Power 
House. The company owns the further rights for a 70 foot develop- 
ment at Fond du Lac. 

4 Rates for power are lower than at any other lake port for simi- 
lar service and range from one to two cents per kilowatt hour or from 
$10 to $30 per horsepower per year, depending upon the average 
use of horsepower installed. 

Q The Power Company can only handle customers with an 
installed capacity of 50 or more horsepowen the small customers 
being served by the local lighting companies in the two cities. 

4 The total capacity of the plant with no steam auxiliaries is 
100,000 horsepower and with steam auxiliaries, this can be increased 
to a considerable extent. 
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ZENITH FURNACE COMPANY 

4 In 1903 an organization was perfected at Duluth, having for its 
primaiy motive the manufacture of Bessemer and Foundry pig iron, 
for the purpose of supplying the Hade tributary to the Head of the 
Ukea. 

^ Until the completion of the immense steel plant of the United 
States Steel Corporation, now under construction on the St Louis 
River, a few miles beyond the location of the Zenith Furnace Com- 
pany, the latter will enjoy the distinction of operating the only blast 
furnace on the South Shore of Lake Superior producing Bessemer and 
Foundry coke iron. 

4 The most serious obstacle confronting the enterprise at its incep- 
Hon was the inability to obtain high grade coke at prices which were 
not prohibirive. This problem was eventually satisfactorily solved 
by the installation of a battery of fifty by-product coke ovens. 

^ The daily consumption of this battery of ovens is about 375 tons 
of the highest quality of Youghiogheny gas coal screenings, produc- 
ing about 260 tons of Bessemer coke for blast furnace use. 

^ The by-products are gas, which is supplied to the cities of 
Dututh and Superior for illuminating, cooking and heating purpose*, 
tar and ammonia. 

^ Only the purest Thin Vein Youghiogheny gaa coal, mined in the 
Pittsburgh district, is suitable for the production of Zenith coke, and 
after the screenings are separated from the run of pile coal, which is 
received in cargo lots, the screened coal is sold to the steam and 
domestic trade in two sizes, which have long since become well and 
favorably known throughout the northwest under the names of 
Zenith Lump and Zenith Stove coaL 

4 The cleanest of preparation and promptness in filling shipping 
instructions have been specialties with the Zenith Furnace Company's 
dock organization, and to the latter end it operates its own terminal 
railway, in preference to depending upon the railroads for switching 



4 The annual capacity of the Zenith Furnace Company now 
aggregates about 600,000 tons of coal, 1 00,000 tons of coke. 75,000 
tons of pig iron. 700,000.000 cubic feet of ga^ 600,000 pounds of 
a and 1 ,200,000 gallons of tar. 

15 ■ ' c5 
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*CAc IRON RANGES of MINNESOTA 

^^HE FIRST mention of iron bearing formation in (his region is 
i\V by Norwood in 1652, but it was not until 1875 that we have 
^^ any record of work being done to establish the economic 
value of the district. In this year Prof. A. H. Chester examined 
the Missabe range from Embarrass Lake eastward to Birch Lake- 
In the greater portion of the district examined by Prof. Chester, the 
formation is highly magnetic and has never produced bodies of 
merchantable ore. Shortly after attention was almost wholly diverted 
from the Missabe by the discovery of ore on the Vermilion range. 

4 In the early 60*8, Mr. Ceo. C. Stone succeeded in interesting 
Mr. Charlemange Tower in the ore deposits on the Vermilion range 
near Tower. The first shipment of ore was made in 1864. In 1866 
the whole property including mines, railroad, docks, and land grant 
was sold to the Minnesota Iron Company and later, on the organiz- 
ation of the U. S. Steel Corporation, became a part of the holdings of 
that corporation. The first mine to be developed near Ely, 21 miles 
east of Tower, was the Chandler, which began shipping in the fall of 
1666. Since then the Pioneer, Zenith, Sibley and Savoy have been 
opened in what is known as the Ely trough. A new mine called the 
Section 30 is being worked on another trough about 3 miles east of Ely. 
^ On the Missabe range, ore was discovered in the fall of 1690 
near the present Mountain Iron mine by the Messrs. Merritt of 
Duluth, and in the fall of the following year on the Biwabik property 
by the same parties. Since these discoveries the development of this 
range has been phenomenal. 

fl The Cujoina Range was located from the results of magnetic 
work done by Mr. Cuyler Adams about the year 1 695. Very little 
was done, other than magnetic research work, until the year 1904 
when the first drilling was started in Sec. 1 6, Town 46, Range 28, 
about a mile southeast of Deerwood. 

Q The first shipment of ore from the Cuyuna Range was made 
in 191 1 from the Kennedy mine. 

Q Minnesota furnishes yearly about three-fifths of the iron ore 
produced in the United States; the shipments during 1912 amounting 
to 34,197,501 tons. 

MUaabe Range 32.047,409 tons 

Vermilion Range 1.844.981 toni 

Cuyuna Range 305. 1 1 1 tons 

Lake Superior Dittrict 46.221.546 tons 

TOTAL IRON ORE PRODUCED TO JAN. 1. 1913. 

Uke Superior District 574.125.258 tons 

( Missabe Range 279.067.325 tons 

Vermilion Range 33.262.473 tons 

!Cuyuna Range 452.542 tons — 3l2.7e2,3«^t(Ma„, ..- 

17 ' " t> 
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VERMILION RANGE 

^I^HE VERMILION lange extends from the vicinity of Tower to 
C|L and beyond the international boundary, crossing into Canada 
^^ at the eastern end of Hunter*a Island. Merchantable bodies 
of ore have been discovered at but two localities along this 
extent, one at Tower and the other near Ely. 

Q The iron bearing formation of this range occupies the lowest 
position geologically of any of the Lake Superior iron formations, 
being designated by Van Hise and Clements as in the Archean. 

Q At the Minnesota mine the ore is a dense hard hematite occur- 
ing in irregular connected and disconnected lense shaped bodies in 
the jasper, which is intricately infolded in the spheroidal greenstone 
or green schists, so-called on account of a characteristic spheroidal 
parting. The strike is about east and west and the dip approximately- 
vertical with a westerly pitch. The underground workings at this 
mine are some 4,300 feet in extent east and west, and over 1,500 
feet in depth. The structure here is probably the most complex in 
the Lake Superior iron districts. Above the iron bearing formation, 
geologically, comes the basal conglomerate of the Lower Huronian, 
arrying large boulders and masses of the iron bearing rocks. 

4 The ores at Ely differ from the preceeding, mainly in their 
physical structure, being much more broken and friable. The area 
in which they lie is a double ended trough about two miles in length 
east and west and some 1.500 feet in width. The general dip is 
nearly vertical and the pitch of the ore bodies at the west end of the 
trough, is to the east, while the pitch of those at the east end is to 
the west. The iron formation here, as at the Minnesota mine, lies in 
a trough of the older spheroidal greenstone, but the folding is not so 
close. Intrusive masses and dikes of granitic porphyry and basic 
enjptives cut the whole series. 
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A Shaft, pioneer Mine. EJy. Minnesota 



B Shaft, Pioneer Mine, Ely, Minnew>ta 
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MISSABE RANGE 

4 The ores of the Misaabe are tcA, brown and yellow hematilea 
and Umonites, more or less hydrated, and are secondary replace- 
ments or enrichments of the jasper. They are supposed to be 
mainly derived from the silicates of iron, which are abundant in the 
rocks of the iron formation, and to a less degree from siderite. In 
physical structure they vaiy from a fairly compact phase to earthy 
or powdery phases, and are comparatively high in moisture. At the 
west end of the range the ores are more or less 'sandy,* a condition 
evidently resulting from the decomposition of the cherty layers in 
the banded iron and chert. 

Q The first ore from the Missabe range was shipped from the 
Mountain Iron mine over the Duluth. Missabe & Nortbem Railroad 
in 1 892. The total shipments during that year amounted to 4,246 
tons. Since that time the Mountain Iron mine has produced 
1 7.200,000 tons. 

IRON ORE PRODUCTION. 

1911 22.093,532 tons 

1912 32,047.409 • 

Total to January t. 1913 - 279.067,325 * 

4 Since the Missabe range opened there has been removed 
205,949,000 cubic yards of stripping. The total excavation, taking 
into account the ore and stripping, is as follows: 

1892 to 1900 stripping - 22,089,000 cu. yds. 

1901 to 1913 ' - 183.860,000 ' • 

1892 to 1900 ore (estimated) 15,700.000* * 
1901 to 1913 ore - 123,833.600 ' • 

Grand Total - 345.482.(00 ' ' 

4 Besides this, 5,000.000 cubic yards of lean ore has been put in 
stock pile. The total excavation for the Panama Canal is, according 
to the latest figures, 2 1 8. 1 38, 300 cubic yards. 
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List of Mines on the Missabe Range 

With Name of Mine, Operating Company and Estimated 
Shipments (or 1913. 
OLIVER IRON MINING COMPANY'S t 



Mm, 


Op 


rating Company 






S/tipm"(i'l3 


Adiim 


Olh-er 


Iron Mining Company . . . 932,000 


Aubum 


Oliver 


Iron Mining Company 








Burt-Pool-Day 


Oliver 


Iron Mining Company 






695.6o6 


Canisteo 


Oliver 


Iron Mining Company 






1,100,000 


Canton . . 


Oliver 


Iron Mining Company 








ChUholm 


Oliver 


Iron Mining Company 






600,6o6 


Clark . . 


Oliver 


Iron Mining Company 






450,000 


Dak . . 


Oliver 


Iron Mining Company 






560,000 


Duluth 


Oliver 


Iron Mining Company 








Fay . . 


Oliver 


Iron Mining Company 






260,666 


Fayal . . 


Oliver 


Iron Mining Company 






1,271,000 


Genoa-Sparta 


Oliver 


Iron Mining Company 






1,020,000 


Gilbert 


Oliver 


Iron Mining Company 






185,000 


Glen . . 


Oliver 


Iron Mining Company 








Graham 


Oliver 


Iron Mining Company 






100,606 


Harold 


Oliver 


Iron Mining Company 






245,000 


Hartley 


Oliver 


Iron Mining Company 








Higgtns 


Oliver 


Iron Mining Company 








Hill . . 


Oliver 


Iron Mining Company 






810,066 


Holman 


Oliver 


Iron Mining Company 






775,000 


Hnll-Ru.t . 


Oliver 


Iron Mining Company 






3,742,000 


Judd . . 


Oliver 


Iron Mining Company 






100,000 


Leonard 


Oliver 


Iron Mining Company 






1,525,000 


Leonida. 


Oliver 


Iron Mining Company 






555,000 


Lone Jack . 


Oliver 


Iron Mining Company 








McKinley 


Oliver 


Iron Minmg Company 








Mace . . 


Oliver 


Iron Mining Company 






156,606 


Minnewa. . 


Oliver 


lion Mining Company 








Missabe Mountaij 


, Oliver 


Iron Mining Company 






325,666 


Mississippi 


Oliver 


Iron Mining Company 






275.000 


Monroe-Tener 


Oliver 


Iron Minmg Company 






500.000 


Morris 


Oliver 


Iron Mining Company 








Mountain Iron 


Oliver 


Iron Mining Company 








Myers . . 


Oliver 


Iron Mining Company 






96.660 


Norman 


Oliver 


Iron Mining Company 






400,000 


Ohio . . 


Oliver 


Iron Mining Company 








PiUsbury 


Oliver 


Iron Mining Company 








Sauntry-Alpena 


Oliver 


Iron Mining Company 






1.600,660 


Sellers . . 


Oliver 


Iron Mining Company 






244,000 


Sharon 


Oliver 


Iron Mining Company 








Spruce 


Oliver 


Iron Mining Company 






7'56.666 


Stephens 


Oliver 


Iron Mining Company 
23 
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Estimated 


Afine 


Operaling Company Shipm'U ' 1 3 


St Clair 


Oliver Iron Mining Company . 


Sullivan 


Oliver Iron Mining Company 








Uno— North 


Oliver Iron Mining Company 






275,000 


Uno— South 


Oliver Iron Mining Company 






875.000 


Vivian 


Oliver Iron Mining Company 






15,000 


Walker 


Oliver Iron Mming Company 








W«cl . . 


Oliver Iron Mining Company 








Winifred 


Oliver Iron Mining Company 






■40.666 


Total . 








7n4f>40on 


PICK/ 


VNDS, MATHER & COMPANY'S MINES 


Albany 


Picltands. Mather & Company . . 350.000 


Bangor 


Pickandi. Mather & Company 




1 30.000 


Coniica 


Pickands. Mather & Company 




250,000 


Elba . . 


Pickands. Mather & Company 




125.000 


Hud«>n 


Pickands. Mather & Company 




250.000 


Kellogg 


Pickands. Mather & Company 






Maha . . 


Pickands, Mather & Company 




90.666 


Minorca 


Pickands, Mather tt Company 




80.000 


Mohawk 


Pickands. Mather tt Company 




200.000 


Scranton 


Pickands. Mather & Company 




240,000 


Troy 


Pickands. Mather & Company 




70.000 


Utica . . 


Pickands. Mather & Company 




350.000 


Virgbia 


Pickands. Mather flt Company 




350.000 


Yawkey 


Pickands, Mather & Company 




50.000 


Total . 






2.535.000 


REPUBLIC IRON & STEEL COMPANY'S MINES 


Bray . . 


Republic Iron & Steel Company . . 100.000 


Franklin 


Republic Iron & Steel Company 




50.000 


Kinney 


Republic Iron & Steel Company 




500,000 


Mari«ka 


Republic Iron & Steel Company 






Monica 


Republic Iron & Steel Company 




75,666 


Onondaga 


Republic Iron fit Steel Company 




40,000 


Pettit . . 


Republic Iron & Steel Company 




200.000 


Schley . . 


Republic Iron & Steel Company 




200,000 


Union . . 


Republic Iron fit Steel Company 




285.000 


Victoria 








Wills . . 


Republic Iron fie Steel Company 






Total 






1 4Vnnnn 


M 


A. HANNA fie COMPANY'S MINES 


Brunt . . 


M. A. Hanna fie Company . . . 200.000 


Croxton 


M. A. Hanna fl( Company . . . 75.000 


Frantz . . 


M. A. Hanna fie Company 


Hanna . . 


M. A. Hanna fit Company . . . 300.000 
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Eiiimaled 
Afme Operating Company Shlpm'ls '13 

Hobart . M. A. Hanna & Company 

La Rue . . . M. A. Hanna & Company . . . 250.000 

Sliver M. A. Hanna & Company 325.000 

Total 1.150,000 



JOSEPH SELLWOOD GROUP OF MINES 



Adriatic 


Joseph Sellwood 




. Joseph Sellwood 


MoTTOW 


. Joseph Sellwood 


Pearson 


Joseph Sellwood 


Perkins 


. Joseph Sellwood 



125.000 
100.000 
100.000 
125.000 
150.000 
600.000 



THE SHENANGO FURNACE COMPANY'S MINES 

Shenango The Shenango Furnace Company 1 .000.000 

Webb The Shenango Furnace Company 300,000 

Whiteside . . The Shenango Furnace Company . . 300.000 

Tolal 1.600.000 



JONES 8. LAUGHLIN STEEL COMPANY'S MINES 



Columbia 

Fowler-Meadow 

Grant 

Leetonia 

Lincoln 

Longyear 

Nassau 

Total 



[ones & Laughlin Steel Company 
& Laughlb Steel Company 
& Laughlin Steel Company 
& Laughlin Steel Company 
& Laughlin Steel Company 
lones & Laughlin Steel Company 
lones & Laughlin Steel Company 



100.000 
650.000 
500.000 
200.000 
200.000 



1.650.000 



PITT IRON MINING COMPANY'S MINES 



La Belle 
Miller . . 
Ruddy 
Wacotah 

Tolol 



Pitt Iron Mining Company 
Pitt Iron Mining Company 
Pitt Iron Mining Company 
Pitt Iron Mining Company 



15.000 
350.000 
40.000 



Madrid 
Section 17 
Seville 

Total 



A. B. COATFS GROUP OF MINES 

A. B. Coates 

. A. B. Coates 

. A. B. Coates 



95.000 

30.000 

5.000 

1 30.000 
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ARTHUR IRON MINING COMPANY'S MINES 

EstimateJ 
Mine Operating Company Sbipm'l* ' I 3 

(Great Northern Ore Properties) 

Dean Arthur Iron Mining Gimpany 

Dunwoody . Arthur Iron Mining Company 

Smith . Arthur Iron Mining Company . 



Spring 
Silverlon 
Ajax 
Hector 



GEO. A. ST. CLAIR GROUP OF MINES 



Geo. A. St Clair 
Geo. A. St. Clair 
Geo. A. St. Clair 
Geo. A. St. Clair 



CORRIGAN, McKINNEY & COMPANY'S MINES 



St. James 
St. Paul 
Stevenson 
Commodore 
Total 



Corrigan. McKinney At Company 
Corrigan, McKinney ic Company 
Corrigan, McKinney it Company 
Corrigan, McKinney Ac Company 



600.000 
1.000,000 
1. 600.000 



INTERNATIONAL HARVESTER COMPANY'S MINES 



Agnew 
Hawkins 

Total 



International Harvester Company 
International Harvester Company 



100.000 
500.000 
600.000 



OGLEBAY. NORTON Ac COMPANY'S MINES 
Woodbridge Oglebay, Norton Ac Company ... I 50,000 

BUFFALO Ac SUSQUEHANNA COMPANY'S MINES 

(Rogers-Brown Ore Company) 

Iroquois . . Buffalo Ac Susquehanna Company . 150,000 

Susquehanna Buffalo Ac Susquehanna Company . 1.100,000 

Total 1.250,000 

NEW YORK STATE STEEL COMPANY'S MINES 
Knox . . . H. F. Kendall, Receiver .... 20,000 

INLAND STEEL COMPANY'S MINES 

Grace . . . Inland Steel Company .... 100.000 

Laura . . . Inland Steel Company .... 200,000 

Total 300.000 

26 D,„.,.,^.^..L.yi^ 
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MAHONING ORE & STEEL COMPANY'S MINES 

Eilimaled 

Mine Operaling Company Sbipm'ti 1 3 

Mahoning Mahoning Ore fit Steel Company 2.000.000 

TOaSTAMBAUGH COMPANY'S MINES 
Morton Tod-Stambaugh & Company ... 1 50,000 

CLEVELAND-CLIFFS IRON COMPANY'S MINES 
Crosby . . Cleveland-Cliff* Iron Company . . 250,000 

BIWABIK MINING COMPANY'S MINES 

(Tod-Slambaugh & Co.) 

Biwabik . . Biwabik Mming Company . . . 300,000 

Cincinnati Biwabik Mining Company 

Total 300.000 

CLARE IRON COMPANY'S MINES 
Elizabeth . Clare Iron Company 

MERIDEN IRON COMPANY'S MINES 
Pearce . . Meriden Iron Company .... 120,000 

SWALLOW & HOPKINS' MINES 
Helmer . . Swallow & Hopkins 50,000 

KEEWATIN MINING COMPANY'S MINES 
Bennett Keewatin Mining Company 

KABEKONA IRON COMPANY'S MINES 
Kabekona . Kabekona Iron Company 

CAVOUR MINING COMPANY'S MINES 

Cavour Cavour Mining Company ... 1 50.000 

D. C. REED (Virginia. Minn.) 
Roberts . . D. C. Reed 

YAWKEY ESTATE 
Larkb Yawkey Estate ...... 

Digitized tyGooyle 
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MORRIS IRON COMPANY'S MINES 

EslimateJ 

Mine Operating Company Shipm'U ' t 3 

Allen . Morris Iron Company .... 50,000 

SECTION 4 MINES COMPANY'S MINES 
Section 4 Section 4 Mines Company . 

THOMAS FURNACE COMPANY'S MINES 
Williams . . Thomas Furnace Company . . . 135.000 

REDWOOD MINING COMPANY'S MINES 
Holland Redwood Mining Company 

WHITE IRON LAKE IRON COMPANY'S MINES 

Euclid White Iron Lake Iron Company 25,000 

Grand Total 37.134.000 
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Mine Location Virginia. Minneiota 
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Interior View of Bray Mine Change House. Keewatin. Minneaota. 



Brunt Mine — Ore Dryer. Mountain Iron. Minnesota. 
Plant consiatt of two dryers, each of a capacity of 40 Ions of dried ore per hour, 
and two dryers each of a capacity of 20 tons of dried ore per hour. Ore 
is reduced in moisture from around IS per cent to 6 per cent ,,. i. 
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No. 4 Shafl. Spruce Mine. Eveleth, Minneiota 



Mine Location — Monroe Mine, Chisholm, Minneaola 
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Q A large portion of the ore on the Western Missabe Range 
occurs mixed with sand, m£iking it necessary to build wash- 
ing plants to remove the worthless piaterial and bring the 
ore to a merchantable grade. 
^ The Concentrating Plant at Coleraine consists of five units, 
each unit comprising the following: 
I Receiving bin, 

1 -20 ft. revolving screen, 2 in. holes, 
I Picking belt, 
2-25 ft. log washers, 
2-18 ft. "turbo* washers, 
20 Overstrom tables, 
I Shipping pocket. 
Necessary settling tanks, rock bins, sand pumps and 
driving mechanism. 

Q Each unit is operated by a 1 00 h. p. motor. The capacity of 
each unit is 4,000 tons of crude ore per day, or a total of 
20,000 tons per day. 

fl AH structural work was furnished and erected by The 
American Bridge Co. 

9 In the mill, trestle and tail track, there are 6,400 tons of steel. 

fl The Power Plant comprises the following: 
6-72 in.xl8 ft. H. T. boilers with tile stack. 
1-26x52 and 16x46 Prescott, Cross Compound, Condensing 
Pumping-engine; capacity 12,000,000 gallons, delivering 
through a 30 in. stee! main to mill, 
1 -26 and 52x46 Cross Compound, Condensing, Corliss 
engine, direct connected to 1 250 K. V. A., 6,600 volt, 60 
cycle generator. 
The necessary exciter sets, (switchboard, transformers, etc.) 

44 ^''■""■' ''"^^ '^'6"^ 



IRON INDUSTRY OF MINNESOTA 



:y Google 



[RON INDUSTRY OF MINNESOTA 



CUYUNA RANGE 

fl The Cuyuna Range lies in the vicinity of E)eerwood. 1 00 
miles west of [>uluth. 

9 The occurrence of the ore deposits on the Cuyuna 
Range differs greatly from that of the Missabe. The Cuyuna. 
in a broad sense, occurs as a series of detached lenses or 
bodies of iron besiring material, in connection with the great 
slate area which abounds throughout this se<!tion of the State. 
Within these lenses of iron bearing rocks, the ore deposits 
fu'e found. The ore bodies dip steeply from the horizontal, 
conforming to the dip of the slates, their long dimensions 
being about parallel and lying in a northeast and southwest 
direction. The south range consists of a long, narrow belt, 
containing a series of iron formation lenses, lying close to- 
gether, parallel and overlapping. The deposits on the north 
range are more scattered and cover a larger area. 

Q The Kennedy is the pioneer mine of this range. This 
property is worked by the Rogers Brown Company. 

Q Shipments from the Cuyuna Range began in 191 I and 
to Jan. 1, 1913 amounted to 452,542 tons. In 1912 there 
were four producing mines; Kennedy, Armour No. 1 , Armour 
No. 2 and Thompson. Other properties are being opened; 
one called the Pennington is to be stripped and the ore mined 
by steam shovel. 
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nedy Mine. Cuyuna Range 



Armour Mine, No. I, Cuyuna Range 
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RAILROADS 

DULUTH & mON RANGE RAILROAD. 
4 The Duludi 6t Iron Range Railroad waa built fiom Two hiatbon to the Vet- 
milion Range at Tower, a diat«ic« o( 67^ miles, in 1694, anil extended to Ely, 21 
milei eaat of Tower, in I8S3. It vn» built into Duluth in 1866. and brancbea were 
extended from iu main line to tba Miaaabe mines in 1092 and 1693. 

DULUTR MISSABE & NORTHERN RAILWAY. 
4 The Duluth. Miaaabe & Ncnthem Railway waa conatmcted from Stony Brook 
to Mountain Iron, a diatsnce ol 48 milea, in 1892. The Biwabik branch from Iron 
Junction to Biwabik. ■ diatance of 15 railea, was constructed in 1892. The Superior 
branch from Wolf to Hibbing, a dirtance of 16 miles, waa constructed in 1693. The 
Duluth extension from Columbia Junction to Duluth, a distance of 29 miles, waa 
completed in 1693. The Albom branch from Coleiaine Junctioo to Coleraine, a 
distance of S3 miles, was constructed in 1906. The Hull-Rust diort line from Hull 
Junction to Hull -Rust Mine, 18 miles, was built in 1911. 

GREAT NORTHERN RAILWAY LINE. 
Missabe Division. 
^ The Great Northern Railway Line acquired what ia now ita Miaaabe Divisioo. 
over which line ore is transported from Missabe Range mines to docks at Allouez, 
Wisconsin, by puTchsse of the Duluth, Superior and Western Railway (Duluth and 
Winnipeg) in 1996. At lime of purchase this line extended from Duluth to Deer 
River, connecting with the Duluth. Mississippi River and Northern Railway at Swan 
River, this latter road extending to the mines. In 1896 the purchase of the Duluth 
and Mississippi River and Northern Road was affected, which gave the Great 
Northern a line through to Barclay Junction, (now Chisholm), Minnesota, la 1900 
and 1901 extension was built from Barclay Junction to Virginia, and in 1901 and 
1902 line was built from Ellis (near Virginia) to a point on the old D. S. & W, at 
Brookston. In 1902 and 1903 what ia now designated as the "South Range Line" 
was constructed from Hibbing to Virginia. There has also been built a "cut-off^ 
known as the Kelly Lake Fermoy Line. 

Q All the roads mentioned above transport ore from the Missabe Range. The 
Duluth & Iron Range handles the ore from the Vermilion District. 

Q The following shows the general equipment of the ore carrying roads neces- 
sary for the handling o( the enormous yearly tonnage from the Miss^>e and Ver- 
milion Ranges: 

No. of No. of 
Road Mileage Engines Cars 

Duluth & Iron Range 200 t04 5627 

Duluth. Missabe & Northern 351 110 7667 

Great Northern (MiMabe DivUion) ... 310 75 6676 

Q The Canadian Northern Railroad between Fort Frances and Duluth is now fin- 
ished. This road passes through Virginia and later will no doubt carry ore from tbe 
Missabe Range. 

q In the summer of 1910 the Soo line finished a branch road to the Kennedy mioe 
and later to other properties on the Cuyuna Range. This together with the Northern 
Pacific gives the diatricl two railroads. The ore shipped so far has been handled by 
the Soo Line from their dock at Superior. 

q Tbe Northern Pacific U now building a dock at Superior. It will be ready in 

A'-B^-t 1913. u,.,u.: :,^y.njwi^ 
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The following tabulation gives the distance in miles of 
Range towns from Duluth: 



Ely 


Vermilion 


D.&l. R. 


116 


TOWCT 


Vermilion 


D.e.l.R. 


98 


Alien Junction 


Junction Point 


D. e. 1. R. 


73 


Two Harbor. 


Ore Dock. 


D.e.1. R. 


27 


Blwabik 


MiMabe 


D. e. 1. R. 


87 


Biwabik 


Minabe 


D. M. «< N. 


78 


Virginia 


Minabe 


D.&l. R 


97 


Virginia 


Mi.«.be 


D. M. «. N. 


72 


Eveletb 


Mi.nbe 


D. & 1. R. 


100 


Eveletl, 


Mi,«.be 


D. M. a. N. 


69 


Mountain Iron 


Miuabe 


D. M. & N. 


72 


Chisholm 


Miwabe 


D. M. St N. 


81 


Hibbing 


Mi..abe 


D. M. St N. 


84 


Marble 


Miuabe 


D. M. & N. 


77 


Taconite 


Mimbe 


D. M. «c N. 


82 


Coleraine 


Mi.nbe 


D. M. «. N. 


86 
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r. Minnesota, D. M. & N. Ry^ 
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ORE DOCKS 

Duluth & ]ion Range Ore E>ocks at Two Harbors. 

Dock Length Width WorkinE. Stcnge Capacity 

No. Ft. Ft. in. Tona 

1 (Steel) 1376 51 8 56,000 

2 1280 49 31,200 

3 1054 49 25,500 

4 1042 49 25,200 

5 1050 49 25,200 

6 ^Sleel) 920 51 i^i 37,000 

Total Tons - 200,100 

Duluth, Missabe & Northern Ore E)ocks at Duluth. 

Dock Length Width Working, Storage Caiudtr 

No. Ft. Ft. Tona 

2 2336 49 38,400 

3 2304 59 57,600 

4 2304 57 76,600 

Total Tona - 172,800 
Great Northern Ore E>oclc8 at Superior, Wis. 

Dock Length Width Working. Storage Capacity 

No. Ft. Ft. In. Tona 

1 2244 62 8 112,200 

2 2100 62 8 105,000 

3 1956 62 8 97,800 

4 (Steel) 1812 62 6 90,600 

Total Tons - 405,600 
Minneapolis, St. Paul & Sault Ste. Marie Ry., at Superior, Wis. 

Dock L.ength Width Working, Storage Capacity 

No. Ft. Ft. Ton. 

I 1800 58 90,000 

Northern Pacific Railway at Superior, Wis. 



1 684 572 35,700 

During 1912, 10,495,577 tons o( ore was handled by the 
Duluth, Missabe fit Northern Railway from the West E)uluth 
docks; 9,370,969 tons by the Duluth & Iron Range at Two 
Harbors; 1 3,935.602 tons by the Great Northern and 305,112 
tons by the Soo Line from their docks in Superior. 

62 LLill.. y^Tt.H.tyil. 
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LAKE TRANSPORTATION 

/gt%NE of the first ships of commerce to arrive in the harbor 
U3 of Duluth was the Meteor, in September, 1 868. The 
capacity of this boat was about 300 tons. The first 
cargo of ore shipped from Minnesota was carried by the 
steamer t~lecla. Tliis ore was loaded on August 19, 1884, at 
Two Harbors at the Duluth & Iron Range dock and consisted 
of 1427 tons. 

fl At the present time there are about 400 boats used for 
the ore carrying trade. The capacity of this fleet is estimated 
around 55,000,000 tons of ore a season. This is in addition 
to the transportation of coal and grain. 

4 The Pittsburgh Steamship Company owns 105 boats. 

4 During 1912 ore was carried on the Great Lakes over an 
average distance of 1 ,000 miles for as low as 50 cents a ton, 
the boat owners paying the unloading charge of 10 cents a ton. 

fl The following will give an idea of the size of the newer 
boats constituting a part of the ore carrying fleet: 





Unglh 


Width 




STEAMER 


Fm 


Feet 


GroMTotii 


Col. J. N. Schoonmaker 


- 617 


64 


14.000 


W. P. Snyder, Jr. 


617 


64 


14,000 


Thomas F. Cole 


605 


58 


12,000 


L.S. DeCraff - - - 


- 605 


60 


12,900 


W. B. Kerr 


605 


60 


12.300 



4 The usual time of loading an ordinary size boat of about 
1 0,000 tons is six hours. The steamer Corey was loaded at 
Superior, September 8, 1911, with 9,456 gross tons of ore in 
twenty-five minutes (actual lime loading). Tlie steamer W. P. 
Palmer unloaded 1 1 ,000 tons of ore at Conneaut in two hours 
and fifty-eight minutes. 
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Loading Boat at Ore Doclu 



Fire Tug. W. A. McGonagle 
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leger Oxygen Apparatus— Used In case of fire or 
from dangerous pinces 
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